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This paper updates and extends previous critical evaluations of the kinetics and pho-
tochemistry of gas-phase chemical reactions of neutral species involved in atmospheric
chemistry [J. Phys. Chem. Ref. Data 9, 295 (1980); 11. 327 (1982): 13, 1259 (1984): 18,
881 (1989); 21, 1125 (1992)]. The work has been carried out by the authors under the
auspices of the IUPAC Subcommittee on Gas Phase Kinetic Data Evaluation for Atmo-
spheric Chemistry. Data sheets have been prepared for 658 thermal and photochemical
reactions, containing summaries of the available experimental data with notes giving
details of the experimental procedures. For each reaction, a preferred value of the rate
coefficient at 298 K is given together with a temperature dependence where possible. The
selection of e prelerred value is discussed and estimates of the accuracies of the rate
coefficients and temperature coefficients have been made for each reaction. The data
sheets are intended to provide the basic physical chemical data needed as input for
calculations which model atmospheric chemistry. A table summarizing the preferred rate
data is provided, together with an appendix listing the available data on enthalpies of
formation of the reactant and product species. We have also included for the first time in
this series of evaluations a section on heterogeneous reactions of importance in atmo-
spheric chemistry. © 1997 American Institute of Physics and American Chemical Soci-
ety. [S0047-2689(97)00204-3]
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1. Preface

This paper is the fifth supplement to the original set of
critically evaluated kinetic and photochemical rate param-
eters for atmospheric chemistry, published by the CODATA
Task Group on Gas Phase Chemical Kinetics in 1980' and
subsequently updated by the first supplement in 1982, and
the second supplement in 1984.% The original evaluation and
the first two supplements were primarily intended to furnish
a kinetic data base for modeling middle atmosphere chemis-
try (10-55 km altitude).

In 1985 the International Union of Pure and Applied
Chemistry (IUPAC) set up a group to continue and enlarge
upon the work initiated by CODATA. The Subcommittee on
Gas Phase Kinetic Data Evaluation for Atmospheric Chem-
istry is chaired hy I. A. Kerr and is part of the Commission
on Chemical Kinetics (1.4) of the IUPAC Physical Chemistry
Division.

This subcommittee produced the third supplement in
1989, and the fourth supplement in 1992, in which the
original data base was extended and updated to include more
reactions involved in tropospheric chemistry. Since it was
not possible to cope with all of the very large number of
chemical reactions involved in tropospheric chemistry, it was
decided to limit the coverage to those organic reactions for
which kinetic or photochemical data exist for species con-
taining up to three carbon atoms. The present fifth supple-
ment has continued this policy in considering the reactions of
organic species. .

Following the pattern of the fourth supplement,” here we
provide a data sheet for each of the reactions considered. For
thermal reactions for which no new data have been published
since the last data sheet was presented, we have summarized
that data sheet by listing the Preferred Values together with
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the Comments on the Preferred Values. For thermal reactions
for which new data have subsequently appeared since the
data sheet was last published, we have followed our previous
practice of listing only the new data, together with updated
Reviews and Evaluations. For photochemical reactions for
which no new data have been published we have reproduced
the data sheet from the last evaluation.’ Where new data
have become available for existing photochemical reactions,
we have listed only the new data. As in Supplement IV, we
have also prepared a large number of data sheets for ‘‘new”’
thermal and photochemical reactions, which were not in-
cluded in our previous evaluations.

For each reaction the data sheet includes the preferred rate
coefficient with a statement of the error limits, a comment
giving the basis for the recommendation, and a list of the
relevant references. To the extent that this information suf-
fices, the reader can use the present publication without need
to refer to the previous publications in the series. However, it
should be emphasized that in preparing the updated data
sheets, we have not listed all of the previous data contained
in the original evaluation’ and the four supplements.>™ Con-
sequently for many reactions, to obtain the overall picture
and background (o the preferred rate parameters, it is essen-
tial that the present supplement be read in conjunction with
its predecessors.' ™

The following list of reactions, for which data sheets were

prepared in previous cvaluations, have now been omitted, on
the grounds that they arc unimportant in atmospheric chem-
istry:

0O+ 0, — Of

OfF+M— O, 1 M

O + OF — products

O,("S)Y 4 O, - 0N 0,

HA+ Oy HO ¢ O
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H + O; — HO" + O,
O+H,— HO+H

HO + Hz(Vz 1) hand HQO + H
HO"'+ M — HO + M

HO" + O3 — products

0 + N,05 — products

N + HO — NO + H
N+0,— NO+O

N + 0,('Ay) = NO + O

N + 03 el NO + 02

N+ NO—- N, +O

NH, + HO — products

NH, + HO, — products

NO + kv — products

0('D) + CN — products
CN + O, — products

O + H,S — HO + HS
CH;0, + SO, — products

F + NO, + M — FONO + M
FO + NO, + M — FONO, + M
O + HCl — HO + (1

ClO + OZ(IAg) — sym-ClO;

ClO + HCHO — products

CIONO, + H,O — HOCI + HONO,

CIONO, + HCl — Cl, + HONO,

O + HBr — HO + Br

O + Br, — BrO + Br

These reactions are no longer included in the present Sum-
mary of Reactions and in referring to them in previous
evaluations,' it should be kept in mind that the data sheets
may not be up-to-date for any particular reaction.

In this evaluation we have included for the first time in our
series of evaluations a consideration of heterogeneous reac-
tions which are involved in atmospheric chemistry. In this
context we have focused upon an assessment of data relating
to uptake coefficients of gas phase species upon relevant sur-
faces. A summary table listing the heterogeneous reactions
considered is also given after the summary table for the gas-
phase reactions.

The cutoff point for literature searching for this supple-
ment was May 1994. As in our previous evaluations, we also
include data which were available to us in preprint form at
that point.
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2. Summary of Reactions and Preferred Rate Data

TaBLE 2. (a) Gas Phase R y of R and Preferred Rate Data
Page kagg Temp. dependence of Temp. A(E/R)*
Number Reaction cm® molecule™" 57! Alog kg Kem® molecule™ s™! range/K K
O, Reactions
550 O+ 0,+M—0;+ M 6.0x107%[0,] (ko) +0.05 6.0X 10734(1/300) 2% [0,] 100-300 An=%0.5
3.6X107 [Ny] (ko) 2.0.05 5.6 10734(77300) " # [N,] 100 300 An—=20.5
550 O+ 0; — 20, 8.0x107% +0.08 8.0X 1072 exp(—2060/T) 200-400 +200
551 o('D) + 0, — OCP) + 0, 4.0><10‘::’ +0.05 32x107" exp(67/T) 200-350 £100
551 o('D) + 0, — 0, + 20(P) 1.2X10™ +0.1 % ~10 . .
—20,05) Lo 1010 Yo 2.4X10 100-400 Alog k=x0.05
552 Oy* + 03 — O+ 20, Scc data sheet
552 0,37, v) + M — 0%, , v} + M See data sheet
553 0,('A,) + M — O,(°%;) + M 1.6x10718 M =0, +02 3.0% 107 "8 exp(—200/T) 100-450 +200
<1.4310™1° M =N,
5%x107"8 (M = H,0) +03
=2x107% M = COp) >
553 0,('A,) + 0, — 20, + O 3.8x1078% +0.10 5.2x107" exp(—2840/T) 280-360 +500 =
556 OSH) + M- O05) + M 40X10°7 M =0, 03 x
— 0('A) + M 2.0%107" M =N, +0.10 2.0%107% 200--350 *+200 %
8.ox10~" (M = OCP)) +0.3 o]
4.0%10""2 (M = H,0) +0.3 <
41x107" M = CO,) +0,10 41x107" 245-360 +200 m
555 0,('3}) + 0,20, + 0 ~
— 0,('8,) + O, 22%107" £0.06 22x1071 295-360 =300 B
— 0,(°%;) + 04 :
0, + hv — products Sec data sheet
QO; + hv — products See data sheet
H, Reactions
H = HO,— Hy+ 0, 5.6x107"7 +0.5 5.6Xx10712 245-300 Alog k=+0.5
— 2HO 72x107" *0.1 73%1071 245-300 Alog k=*0.1
— H,0+ 0 2.4x107"7 *+0.5 2.4x107"2 245-300 Alog k=05
H 0, M--HO, + M 5.4X1072{N,] (ko) +02 5.4%1072%(7/300)"# [N,] 200-600 An=%0.6
7.5%107" (k) +03 7.5%107" 200-300 An=*0.6
F.=0.55 DF =201 Fo=exp(—17498) 200-300
561 0+ HO—0,+H 33x107" +0.1 2.3%107" exp(110/T) 220-500 +100
562 O + HO, — HO + 0, 5.8x107" +0.08 2.7 107" exp(224/T) 200-400 +100
562 0 + H,0, — HO + HO, 1.7%107% +0.3 1.4X 10712 exp(—2000/T) 250-390 +1000
563 O('D) + H, — HO + H 1.1x107"° 0.1 1.1x1071° 200-350 +100
563 0O('D) + H,0 — 2HO 2.2%107'° +0.1 22x107'° 200-350 *100
564 HO + H, - H,0 + H 6.7X107 1 +0.1 7.7% 107" exp(—2100/T) 200-450 +200
564 HO + HO — H,0 + O 1.9x10712 +0.15 7.9X 107 '4(77/298)>S exp(945/T) 200500 +250
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TABLE 2. (3} Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continwed

Page o ’ Temp. dependence. of Temp, ACEIRY
Number Reaction cm® molecule™'s™! Alog kyog Kem® molecule™! 571 range/K K
565 HO + HO +'M = H;0;, + M 6.9X1073H[N,] (ko) +0.1 6.9%10731(77300) "% [N,] 200-400 An=%0.5
2.6X107" (] +0.2 2.6X107" 200-300 Alog k. =+0.2
F=05 "
566 HO + HO, = H0 + O, 1:1x10710 +0.1 4.8x107 " exp(250/T) 250-400 +200
366 HO + H0; — HO + HO, 1.7510°" 101 2.9%10* " cap(—160/T) 240-460 =100
567 HO + 0y — HO; + 0, 6.7%x107 " +0.15 1.9x10™ 2 exp(—1000/T) 220--450 +300
567 HO, + HO; — H,0, + 0, 1.6x10712 +0.15 2.2X107 1% exp(600/7) 230-420 +200
567 HO, + HO, + M — H,0, + 0, + M 5:2Xx107 % [N,] +0.15 1.9%107%:[N,] exp(980/7) 230-420 +300
4.5%107%2[0,] +0.15
See data sheet for effect. of H,O .
568 HO, + 0, — HO + 20, 2.0%107% ¢ +02 1.4% 107" exp(~600/T) 250-350 +500
~100
569 H,0 + hv — products See data, sheet
569 H,0, + hv — products See data sheet
NO, Reactions
571 0 + NO+ M — NO, + M 1.0X107% [N,] (ko) +0.1 1.0X1073(77300) "+ [N,] 200-300 An=+03
3.0x107" (k) +0.3 3.0x1071(7/300)%* 2001500 An==*03
F,—0.95 : Fi=eitp(=1/1850) 200-300 :
572 0+ NO, 5 0, + NO 9.7%10°12 +0.06 6.5%10 2 exp(120/T) 230-350 =120
572 0 + NO, + M — NOy + M 9.0X107% [N,] (ko) +0.10 9.0X1073%(T/300)"2° [N,] 200-400 An=*1
22x107! (k=) 0.2 22%107" 200-400 An=*0.5
F=08 F,=exp(—T/1300) 200-400
573 0.+ NO; = 0, + NO, 1.7x107Y +03 L
573 o('D) + N, — OCP) + N, 2.6x107" *0.1 1.8X 1071 exp(107/1) 200-350 E]
574 0(D) + N,O = N, + 0, 4.4x107" +0.1 44%x107" 200-350 +100
— 2NO 7.2%x1071 +0.1 7.2%107" 200-350 =100
574 HO + NH; — H,0 + NH, 1.6x107" +0.1 3.5%107 "2 exp(—925/T) 230-450 +200
575 HO + HONO — H,0 + NO, 6.5x107 "2 +0.15 2.7X107 2 exp(260/T) 250-400 +260
576 HO:+ HONO, — H,0 + NO; 1:5%1071 (1 bar) *+0.1 See data sheet ’
576 HO + HO,NO, - products 5.0%10712 *£0.2 1.5% 10~ '2.exp(360/T) 240-340 +300
, : e =600
577 110 + NO + M — IIONO | M 741073 [N;] () +0.10. ~ 7.4%10~3(77300) =24 [N, ] 200400 An=%05
: 45%107" (k) *+0.2 45x1071 200-400 Alog k==+0.2
: F.=09 (250 K)
578 HO + NO; + M — HNOy; + M 2.6X107% [N,] (ko) +0.1 2.6X107(1/300) 27 [N,] 200-400 An=%03
6.7x107" (k) +0.10 6.7X107'(7/300) %6 200-400 An=%05
F,=0.43 ’
580 HO + NO; — HO, + NO, 2.0x107" +03.
580 - HO, + NO — HO + NO, 8.3x107 "2 +0.1 3.7%10™ 2 exp(240/T) 230-500 +100
581 HO; + NO, + M — HO,NO, + M 1.8x107% [N,] (ko) +0.10 1.8X1073(7/300) 32 [N,] 200-300 An==1
: 4.7%x10712 (k) =02 " 47%10°12 200-300 An==*1
F.=0.6 ’ F,.=0.6

v.Lva SNOaNIOOHALIH ANV TVOINIHOOLOHd “OILINIM A3LVNTIVAI
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TasLE 2. (a) Gas Phase Reacti S y of R and Preferred Rate Data—Continued
Page kaog Temp. dependence of Temp. A(EIR)
Number Reaction cm? molecule™ 57! Alog kyog Kkem® molecule™ 57! range/K K
582 HO,NO, + M — HO, + NO, + M 13X1072[N,] (ko/s™") +0.3 5X107¢ (—10000/7) [N, 260-300 +500
034 [( )] +0.5 2.6X 10" exp(—10900/T) 260-300 +500
F=06
583 HO, + NO; — 0, + HNO, } 40X10-1 +0.2
— HO + NO, + 0,
584 NH, + O, — products <6x%1072
584 NH, + O, — products 1.7x1071 +0.5 4.9%10™ "2 exp(—1000/T) 250-380 +500
585 NH, + NO — products L.6x10™4 *02 1.6X107"(17298)~ "5 210-500 An=*0.5
586 NH, + NO, — products 20%x107" +02 2.0X107"(1/298)~2° 250-500 An=*07
586 2NO + 0, — 2NO, 2.0x107%* +0.1 3.3%10™% exp(530/T) 273-600 +400
(cm® molecule™ s™")
586 NO | 03— NO; | 0y 1.8>107 1 =0.08 1831072 cxp(  1370/T) 195-304 =200
587 NO + NO, + M — N;O; + M 3.1X107*[N,] (ko) +0.3 3.1%107* (17300) 777 [N,] 208-300 An=%1
7.9%107 12 (ko) +0.3 7.9%10™ 2 (1/300)"'4 208-300 An=*0.5
F.=06
588 N,03 + M — NO + NO, + M 1.6X107 YN} (k/s™") 0.4 1.9%1077(1/300) %7 225-300 +200
Xexp(—4880/T) [N,] An=x*1
3.6%108 (hats™ 1) =03 47510 (77300)%4 oxp(- 4880/7)  225-300 =100
An==*1
F.=0.6
589 NO + NO, — 2NO, 2.6X107" +0.1 1.8%107 " exp(110/T) 220-400 +100
590 NO, + 0, - NO; + O, 3.2x107" +0.06 1.2X 10" exp(—2450/T) 230-360 *150
590 NO, + NO, + M — N,O, + M 1.4X1073 [N,] (ko) +0.3 1.4X107%(77300) 3% [N,] 300--500 An=*1
1.0410712 (ko) =03 1.0%10712 250-300 Alog k~=0.3
F,=0.40
592 N0, + M — NO, + NO, + M 6.1x107" [N,] (ky/s™) +0.3 1.3X1075(7/300) %8 300-500 +500
Xexp (—6400/T) [N,]
4.4x10° (kats™") *+04 1.15X 10" exp(—6460/T) 250-300 +500
F.=0.40
593 NO, + NO; + M N;Oy + M 2.7%107 0 [N,] [C] +0.10 2.7%10739(7/300) 34 [N,] 200 400 An—=0.5
2.0x10~12 (k) +02 2.0X 10 2(77300)°2 200-500 An=%*0.6
F.=033 Fo=[exp(~T/250) +exp(~1050/T)]  200-500
594 N,05 + M — NO, + NO; + M 9.5X107 % [N,] (ko/s™) *02 1.0X1073(1/300)">% 200-400 An=*05
Xexp(— 11000/T) [N,]
6.9%1072 (kats™") +0.3 9.7x10'%(77300)°* 200-300  An=%02
Xoxp(-11080/T)
F.=033 F =[exp(—7/250)+exp(—1050/7)]  200-300
595 N,Os + H,0 — 2HNO; <2x10°%
595 HONO + hv — products See data sheet
596 HONO, + hv — products See data sheet
599 HO,;NO, + hy — products See data sheet
599 NQ, + hv — produete See data sheet
601 NO; + hv — products See data sheet
604 N,O + hv — products See data sheet
605 N,O;5 + hv — products See data sheet

92s

“Tv L3 NOSNDILY
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TaBLE 2. (a) Gas Phase R y of R and Preferred Rate Data-—Continued
Page kaos Temp. dependence of Temp. A(EIR)/
Number Reaction em® molecule™ 57! Alog kygq Kem® molecule™ 57! range/K K
Urganic Keactions
607 O + CH; — products 1.4X10710 +0.1 1.4X10710 200-900 *+100
607 O('D) + CH, — HO + CH, " .
— HCHO + H, } 1.5%1071 *+0.1 1.5%1071 200-300 +100
608 HO + CH, — H,0 + CH, 62X10715 +0.08 2.3X107"2 exp(—1765/T) 240-300 *100
610 HO + G, + M — GH,OH + M 5.0X107% [N,] (ko) +0.1 5%1072(7/300) !5 [N,] 200-300  An=xL5
9.0x10713 (k) +0.1 9.0X103(7/300)* 200-300 An=z%1
F.=0.62
611 HO + CH, + M » CGHOH + M 72107 [N,] () +0.3 73107 2(77300) 21 [N,] 200 300 An—=%2
9x10™* (k) +03 9x10712 200-300 An=%0.5
F,=0.7
613 HO + CHg — H;O + C;Hs 2.5%1071* L0.10 7.9%10™ " cap(—1030/T) 240-300 =100
614 HO + C3Hg + M — GHOH + M 8x107% [N,] (ko) +1.0 8X102(7/300) 35 [N,) 200-300 An=z1
3.0x107" (k) *+0.1 3.0x1071 200-300 An=%1
F.=05
615 HO + C3Hy — H,0 + CH, 1.10%10712 +0.08 8.0X107 12 exp(~S90/T) 240300 +150
617 HO + CO— H + CO, 1.3X107'3(140.6 P/bar) +0.1 1.3X107'%(1+0.6 P/bar) 200-300 Alog k=02
X(300/7)*°
618 HO + HCHO — H,0 + HCO 92X10™12 +0.10 8.6X10™ 12 exp(20/T) 240-300 +150
619 HO + CH,CHO — H,0 + CH;CO 1.6x10™" +0.10 5.6X1012 exp(310/T) 240-530 +200
620 HO + C,H;CHO — products 2.0x10™ " *+0.15
620 HO + (CHO), ~ H,0 + CHOCO 1.1x107" +0.3
621 HO + HOCH,CHO — H,0 + HOCH,CO 8.0%x10™12 +03
— H,0 + HOCHCHO 20x10™12 +0.3
621 HO + CH;COCHO — H;0 + CH,COCO 1.5%1074 +02
622 HO + CH,COCH, — H,0 + CH,;COCH, 22%107 % +0.15 2.8X107 12 exp(~760/T) 240-300 +200
622 HO + CH,OH — H,0 + CH,0H 79%107 1 +0.15 i,
— H,0 + CH0 L4X10-13 +0.15 } 3.1X10™ 12 exp(—360/T) 240-300 *=200
623 HO + C;H,OH — H,0 + CH,CH,OH 1.6X10713 +0.15
~ H,0 + CH,CHOH 29X10712 +0.15 4.1X10™ 12 exp(~70/T) 270-340 +200
— H;0 + CH,CH,0 1.6x10712 +0.15 :
625 HO + n-C;H;OH — products 5.5x1071 +027
625 HO + i-CH,0H — products 5.1X107%2 +0.12 2.7X107 2 exp(190/T) 270-340 +200
626 HO + CH,0CH; — H,0 + CH,0CH, 29%1072 02 1.0X10™ " exp(—370/T) 290450 +200
6/ HO + CH3CUUH,UH — products 30x10 x0.3
627 HO + CH,00H — H,0 + CH,00H 1.9%10™12 +0.2 1.0X10™ 12 exp(190/7) 220-430 +150
— H,0 + CH;00 3.6X10712 +02 1.9%107 12 exp(190/7) 220-430 *+150
628 HO + HCOOH — products 45X10™ 1 +0.15 4.5x10°13 290-450 +250
628 HO + CH;COOH — products 8x10™ 12 +03
629 HO + C,H;COOH — products 12%107 12 +0.2 12X107'2 290-450 *+300
629 HO + CH,;ONO, - products 3.5%1071 (1 bar) *+0.10 1.0%107 exp(1060/T) 290-400 500

{1 bar)

VLYd SNOANIOOHILIH ANV TVIINIHOOLOHA “JILINIY A3LVNIVAT
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TasLE 2. (a) Gas Phase R y of R and Preferred Rate Data—Continued
Page kaoe ‘Temp. dependence of Temp. A(EIR)/
Number Reaction cm® molecule™ 57! Alog kg kiem® molecule™ 57! range/K K
630 HO + C,H;ONO, — products 49%x1071 (1 bar) *0.15 4.4X10™" exp(720/T) 290-380 +500
(1 bar)
630 HO + »n-C,H,ONO, — products 7.3x10” 13 (1 bar) +0.15 7.3X10713 (1 ban) 290-370 *500
630 HO + i-CH;ONO, — products 49%x107" (1 bar) +025
631 HO + CH3CO3NO, — products 14x107" 02 9.5x10'? exp(—630/T) 270-300 =400
631 HO + CH,COCH,0ONO, — products <1x1072
632 HO + HCN — products 3x10° (1 bar) *05 1.2X10™ Bexp(—400/T) 290-440 +300
(1 bar)
632 HO + CH,CN — products 22%107" (1 bar) *+0.15 8.1X10™ 13 exp(— 1080/T) 250-390 +200
(1 bar)
633 HO, + CH,0, — O, + CH,O,H 52%10712 +03 3.8X1071 exp(780/T) 225-580 +500
633 HO, + HOCH,0; — O, + HOCH,O.H } 12x1071 +03 5.6X107 exp(2300/T) 275-335 1500
— O, + HCO,H + H,0
634 HO, + GH30;, — O + CHOH 7.7%¢107 12 *02 27310713 6xp(1000/T) 200 500 +300
-1 +
635 HOp ¥ CHCO, gz M gzgg:g ;2’;:2_ ,1 ;g; } 43X1071 exp(1040/T) 250370 =500
636 HO, + HOCH,CH,0, — products 1.0x10°" +03
636 HO, + CH,0CH,0, — O, + CH;O0CH,0,H
2 ? 2 S0, + CH:OCH?Z)i— H,0 } See data sheet
637 110, | CILCOCILO, : O I+ CHCOCH,OH 0010712 +0.3
637 HO, + HCHO — HOCH,00 7.9%1071 +03 9.7%X10™" exp(625/T) 275-333 +600
638 HOCH,00 — HO, + HCHO 1.5%10% *s™h) +03 2.4X10" exp(—7000/T) 215-333 +2000
639 NO, + CH, — HNO; + CH, <1%107'*
639 NO, + GH, — products <1X107'%
640 NO; + GH, — products 2.1X10716 +02 3.3X10712 exp(—2880/T) 270-340 +500
641 NO; + CHg — HNO; + GHg <1x107"7
641 NO, + CHg — products 9.5%10715 *02 4.6%107" exp(—1155/T) 296~-423 +300
642 NO, + C3Hg — HNO, + GH, <7%107"
£42 MO, ¢ IICHIO » IINOy 1 HCO 5.8%10716 +02
£43 N0, + CH,CHO — HNO; + CH,CO 27%107% +02 1.4X107"2 exp(— 1860/T) 260-370 +500
NO; + CH,COCH, — HNO, + CH,COCH, <3x107" .
+ CH,OH — products 2.4X10716 +0.5 1.3X107 "2 exp(~—2560/T) 290-480 +700
+ C,HOH — products <2Xx107¥
N+ £CHOH — products <5%1071%
o, 4+ M - CHO, + M 1.0%107% [N} (8] +02 1.0%1073%(77300)733 [N,] 200-300 An=%1
1.8%107% (k) +03 1.8X10™'%T17300)"! 200-300 An=%*1
F=027 .
646 CiHe + 0, — CH, + HO, 3.8%1071S (1 bar air) *0.5
19%X107H (0.133 bar air)  +0.5
646 CHs + 0, + M = CH0O, + M 59%107% [N,] (ko) +03 59%10"2(17300) 2 [N,] 200-300 An=x1
7.8%10712 (k) +02 7.8X10712 200-300 Alog k=%02
F.=0.54 F.={0.58 exp(—171250) 200-300
+0.42 exp(—7/183)}
647 n-CH, + 0, + M — n-GH,0, + M 8x10712 (ka) +02 8%10712 200-300
647 i-CHy + Oy + M — i-CGH,0, + M 1.1x1071" (k) +03 Lixio™! 200-300

8¢s
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TABLE 2. (a) Gas Phase R y of R and Preferred Rate Data—Continued

Page kaos Temp. dependence of Temp. A(EIR)/

Number Reaction cm® molecule™ 57! Alog kygg Kem® molecute™ 57! range/K K

648 CH;COCH, + O, + M - CH;COCH,0, + M 1.5x10712 (k) 0.5

648 HCO + 0, — CO + HO, 5.5%107"2 +0.15 5.5%10"" 200-400 +150

648 CH;CO + O, + M — CH,CO; + M 5.0%x107 "2 (k) +0.5 50%10""? 200-300 Alog k=*0.5

649 CH,OH + O, — HCHO + HO, 9.4x107" L0.12

649 CH,CHOH + 0, — CH,CHO + HO, 1.9x10™ 1" 03

650 CH,CH,0H + O, — products 3.0x10712 *+03

650 CH;0 + 0, — HCHO + HO, 1.9%10™" 0.2 7.2X107* exp(—1080/7) 298-610 +300

651 CH,0 + 0, — CH,CHO + HO, 9.5x10™" 02 6.0%10™ " exp(—550/T) 295-425 +300

651 n-C3H;0 + 0, — GH,CHO + HO, 8x10™" *0.5

652 i-C3H;0 + 0, — CH,COCH, + HO, 8x10™" +0.3 1.5X 10" exp(—200/T) 290-390 +200

652 CH;0CH;0 + 0, » CH,O0CHO + HO,

652  CH,OCH,0 + M — CH,OCHO + H + M } See data sheet

652 CH;COCH,0 + 0, — CH;COCHO + HO,

652  CH,COCH,0 + M — CH,CO + HCHO + M } See data sheet

653 CH; + 0, — products 2.5%10712 +03 5.1X107 2 exp(--210/T) 240-400 +200

653 CH;0 + NO + M — CH,0NO + M 1.6X107% [N,] (ko) +0.1 1.6X102(7/300) 3 [N} 200-400 An=%0.5
3.6x107" (k) 0.5 3.6% 10~ 1(77300) 8 200-400  An=*05
Fe—0.6

653 CH;0 + NO — HCHO + HNO 4x107"2 4X107'%(T7300) %7 200--400 An=*0.5

654 CH;0 + NO + M — C,H;0NO + M 4.4x107 1 (ko) +03 44x107" 200-300 An=*0.5

654 C,H;0 + NO — CH,CHO + HNO 1.3x107 !

655 i-C3H,0 + NO + M — i-C;H,ONO + M 3.4x107" (k) +03 3.4x10°" 200-300 An=%0.5

655 i-C3H,0 + NO — (CH,),CO + HNO 6.5X10712 *+0.5

655 CH;0 + NO, + M — CH,ONO, + M 2.8X107% [Ny} (ko) +0.3 2.8X1072(77300)™*° [N, 200-400 An=x1]
2.0x10~" (ko) +0.3 2.0x107" 200-400 An=%0.5
F.=0.44 '

655 CH;0 + NO, — HCHO + HONO See data sheet

656 C,H,0 + NO, + M — C,H;0ONO, + M 2.8%x107" (k) +0.3 2.8%x107" 200-300 An=*0.5

656 C,H;0 + NO, — CH,CHO + HONO See data sheet

656 i-C;H;,0 + NO, + M — i-C;H,0NO, + M 3.5x107" (k) +03 3.5%x107" 200-300 An=%0.5

656 i-C;H;0 + NO, — (CH;),CO + HONO See data sheet .

657 CH,0, + NO — CH,0 + NO, 7.6%10712 +01 421072 exp(1R0/T) 240-360 +180

658 C,H;0, + NO — CH;0 + NO, 8.7x10" 12 +0.2

658 C,H,0, + NO (+M) — CH;ONO, (+M) <12x107" (1 bar)

658 HOCH,CH,0, + NO — HOCH,CH,0 + NO, 9X107 2 *+0.5

659 n-C3H,0, + NO — n-C3H,0 + NO, 49x10712 +0.3

659 n-C3H;0, + NO(+M) — n-CH,0NO, (+M) 1.0x107 "3 (1 bar) +0.5

659 -C3Hy0; + NO — +CH;0 + NO, 4.8x107" +03

659 i-C3H,0, + NO (+M) — i-C;H,ONO, (+M) 2.1x107 "3 (1 bar) *0.5

660 CH,CO; + NO — CH; + CO, + NO, 20107 " +0.2 20x107" 280-325 +600

661 C,H;CO; + NO — C,H; + CO, + NO, 2.0x107"" +0.5
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TasLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Kaog Temp. dependence of Temp. AEIR)/
Number Reaction cm® molecule™' 57! Alog kg kicm® molecule™ 57! range/K K
661 CH,0, + NO, + M — CH;0,NO, + M 2.5%107% [N,] (ko) +0.3 2.5%1072%(7300) > [N,] 250-350 An=*1
7.5%107% (k) +0.3 7.5x10712 250-350 An=*05
F=036
662 CH;0,NO, + M — CH;0, + NO, + M 6.8%107"° [N,] (kofs™") *03 9% 107% exp(—9690/7) [N,} 250-300 +500
45 (kats™") *03 1.1X10'6 exp(~ 10560/T) 250-300 +500
F.=0.36
663 C,H;0, + NO, + M — GH;0,NO, + M 1.3X10"% [N,] (ko) 0.3 1.3% 107 (771300) 752 [N,] 200-300 An=x1
881071 (k) +0.3 8.8%x107 12 200-300 Alog k=%03
F =031 F=031 250-300
664 C,H;0,NO, + M — C,H;0, + NO, + M 1.4X10™ 17 [Ny} (ko/s™") *0.5 4.8X10™* exp(—9285/7) [N,] 250-300 *+1000
5.4 (kols™) *£0.5 8.8X 10 exp(—10440/T) 250-300 +1000
F.=031 F.=031 250-300
664 CH,CO;, + NO, + M — CH,CO,NO, + M 2.7X107% [N,] (ko) 0.4 2.7X1072(7/300)~ " [N,] 250-300  An=x2
1.2x107" (k) +0.2 1.2X 107 "(77/300)~°? 250-300 An=*1
F,=03
665 CH,CO;NO, + M — CH,CO, + NO, + M 1L.IX10"®[N,] (ke/s™Y) +0.4 4.9%1073 exp(—12100/T) [N,) 300-330 + 1000
3.8x1074 (kots™") +03 5.4X 10" exp(—13830/T) 300-330 +300
F=03
666 CH;CONO, + M — C,H;CO, + NO, + M 4.4%1074 (kals™Y) +0.4 2X10' exp(—12800/7) 300-315 +500
667 CH,0, + NO, — products No recommendation (see data sheet)
CH;0, + CH;0, » CH;OH 4 HCHO + O,
— 2CH,0 + O, 3.7x107" *+0.12 1.1%107"3 exp(365/T) 200-400 +200
— CH,00CH, + 0,
=11
6% CHO, + CHLO, - ‘C’:j‘c’ojﬂcf’f[g;{g 2202 :;;i}ﬁ- 2 :g;i } 5.1 10”2 exp(272/T) 250-370 300
670 CH;0, + CH,COCH,0,
— CH,0H + CH,;COCHO + 0,
— HCHO + CH,COCH,0H + O, 3.8x107"2 0.3
— CH,0 + CH,COCH,0 + O,
670 HOCH,0, + HOCH,0,
= —13 +
- ;'}fgg; N fl(i)zz(OH)z +0, ol ;gj } 57X 1071 exp(7S0/T) 275-325 %750
671 CyH;0, + CyH 0, ~ C,H;OH + CH,CHO + O,
— 2C,H;O + 0, 6.4%107" +0.12 6.4x10714 250-450 +300
— CH;00C,H; + 0, -100
672 CH;0CH,0, + CH;0CH,0,
— CH;OCH,0H + CH;0CHO + O, 7x107" +03
— 2CH,OCH,0 + O, 14710712 *0.3
673 CH,CO; + CH,CO; — 2CH,CO, + O, 1.6x10°" +0.5 2.8% 10" "2 exp(530/T) 250-370 +500
674 CH;CO; + CH,COCH,0,
— CH,COOH + CH,;COCHO + 0, } -
5.0x10 +0.3

— CH, + €O, + CH,COCH,0 + 0,

0€s
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TAaBLE 2. (a) Gas Phase Reacti Si v of R and Preferred Rare Date—o

Page kyos Temp. dependence of “Temp. A{EIRY
Number Reaction cm® molecule™ 57! Alog kg Kem® motecute™ 57! range/K K
674 HOCH,CH,0, + HOCH,CH,0,

— HOCH,CH,0H + HOCH,CHO + O, 1.15%107 2 +03

— 2HOCH,CH,0 + O, 1.15%107" +03
675 CyH,0, + n-C3H,0,

— n-C3H;0H + C,H,CHO + O, } 3%10-1 +05

— 2n-C;H;0 + 0,
675 i-C3H;0, + i-C;H,0,

gy —16 " .

qz';%::,(())}{:o(zcmzco +0 ppioh s i } 1.6X 10~ "2 exp(~2200/T) 300-400 %300
676 CH,;COCH,0, + CH;COCH,0,

— CH;COCH,0H + CH;COCHO + 0, 2.0%10" 12 0.5

- 2CH,COCH,0 + O, 6.0%107"2 03
678 RCHOO + H,0 — RCOOH + H,0
z;: :gggg : ;I(()):: ;{rgd}:g: NO, No recommendations (see data sheet)
678 RCHOO + HCHO — products
680 0, + C,H, — products 1x10°2 *+1.0
681 0; + C;H, — products 1.6X107"® +0.10 9,110~ " exp(—2580/T) 180-360 +100
272 U; + C3Hg — products Loxio~ " r0.10 3.5x10™"* exp(— 1880/T) 230-370 200
684 HCHO + hv — products See data sheet
685 CH,CHO + hv — products See data sheet
686 C,H;CHO + hv — products See data sheet
687 (CHO), + hv — products See data sheet
688 CH,COCHO + hv — products See data sheet
690 CH,COCH, + hv — products See data sheet
691 CH,00H + hv — products See data sheet
692 CH;0NO, + hv — products See data sheet
693 C,H;ONO, + hv — products See data sheet
694 n-C;H,ONO, + hv — products See data sheet
694 i-C;H;ONO, + hv — products See data sheet
695 CH,0,NO, + hv — products See data sheet
696 CH,CO,NO, + hv — products See data sheet

SU, Reactions

698 0+CS—-CO+S 2.1x1071 *0.1 2.7X107 1 exp(~760/T) 150-300 *250
698 O + CH;SCH; — CH;SO + CH; 5.0x10™" +0.1 1.3%107 " exp(409/T) 270-560 *100
699 O + CS, — products 3.6x107"2 +0.2 3.2x10" " exp(—650/7) 200--500 +100
700 O + CH,;SSCH, — CH,;SO + CH,S 13x107"° +03 5.5%10™ " exp(250/T) 290-570 +100
700 0 + OCS — SO + CO 12%x107" +0.2 1.6X 107" exp(—2150/T) 220-500 +150
701 0+80,+M— SO, +M 1.4%107% [N,] (ko) +03 4.0%107% exp(—1000/T) [N,} 200-400 +200
701 $+0,—8S0+0 2.1X107 12 +0.2 2.1x107" 230-400 +200
701 S+ 0;— SO+ 0, 12x10™" +03
702 Cl + H,S — HCl + HS 5.7%x107" +03 5.7x107" 210-350 +100
702 HO + H,S — H,0 + HS 48%10712 +0.08 63X 10”2 exp(—80/T) 200300 +80
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TABLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued f-wn
N
Page kaog Temp. dependence of Temp. A(EIR)/
Number Reaction cm® molecule™" 57! Alog kaog kem® molecule™ 57! range/K K
703 HO + SO, + M — HOSO, + M 1.0%1073 [N,] (k) +0.3 4.0710731(77300) 733 [N,] 300-400 An==%1
2x107 12 (ks) +0.3 2x107"2 200-300 Alog k=03
F.=0.45
703 HOSO, + 0, — HO, + SO, 43%107"? +0.1 1.3X10™ 2 exp(—330/T) 290-420 +200
704 HO + OCS — products 2.0x107" +0.3 1.1%107 '3 exp(—1200/T) 250-500 +500
704 HO + CS, + M — HOCS, + M 8x10731 [Ny] (ko) +0.5 8X1073 [Ny] 270-300 Alog k=+0.5
8x10712 (fews) +0.5 810”12 250 300 Alog k—+0.5
F.=08
704 HO + CS, — HS + 0CS <2X107"
705 HOCS, + M — HO + CS, + M 4.8%107" [N,] (kofs™") +0.5 16X 1076 exp(—5160/T) [N,] 250-300 +500
4.8%10° (kots™) +0.5 1.6X10" exp(—5160/T) 250-300 +500
F.=08
706 HOCS, + 0, — products 3.0x107" +0.3 3.0x107 ™ 240-350 Alog k=+0.3
707 HO + CH;SH — products 3.3x107" +0.10 9.9%107'2 exp(356/T) 240-430 +100
708 HO + CH,SCH; — H,0 + CH,SCH, 4.8x107"1 +0.10 1.13X107 ' exp(—254/T) 250-400 +150
— CH;3(OH)CH, 1.7x107" (1 Var air) See data shoet
709 HO + CH,SSCH; — products 2.3%1071° +0.10 7.0x107!" exp(350/T) 250-370 +200 »
710 HO, + SO, — products <1x107' =
710 NO, + H,S — products <1x1071 2
71 NO, + CS, — products <1x1071 5
711 NO, + OCS — products <1x107' o
711 NO; + 30; — pioduuts <1x10719 4
712 NO; + CH;SH — products 9.2x107 "% =0.15 9.2x107 "1 250-370 +400 m
712 NO; + CH;SCH; — products 11x107"2 +0.15 1.9%107"% exp(520/T) 250-380 +200 :
713 NO, + CH,SSCH; — products 7x107 " *+03 7x107" 300-380 +500 ~
712 HS + O, — products <4x107"° )
714 HS + 0; — HSO + 0, 3.7x107 12 +0.2 9.5X 10712 exp(—280/7) 290-450 +250
714 HS + NO + M — HSNO + M 2.4x1073" [N,] (ko) +03 2.4x1073(77300) 23 [N} 200--300 An=x1
2.7%107" (k..) +0.5 2.7%x1071 200-300 Alog k=%0.5
F,=06
713 H3 + NO, — H30 + NO 58x10"" *0.3 2.6x107 1 cxp(240/7) 220~450 =200
N HSO + 0, — products <2.0x107"7
716 HSO + 05 — products 1.Ix107" +0.3
716 HSO + NO — products <1.0x10° "
717 HSO + NO, — products 9.6x107 12 +0.3
717 HSO, + 0, — products 3.0x10 " +038
717 80 1 0, — 80, 1 O 7.6%10° 17 +0.15 1.63107 13 cxp( - 2280/7) 230 420 =500
718 SO + 03 — SO, + O, 89x107 " *0.10 4.5%107 "2 exp(—1170/T) 230-420 +150
718 SO + NO, — SO, + NO Laxio™" +0.1 1.4x107" 210-360 +100
719 SO; + H,0 — products <6x107"*
719 SO; + NH; — products 6.9%107 ! +0.3
720 CS + 0, — products 29%107" +0.6
720 CS + 03 — OCS + 0, 3.0X1071' +0.5
720 CS + NO, — 0CS + NO 7.6%x10 7 *0.5

721 CH,SH + 0, — products 6.6x10 2 +0.3



1661 ‘€ "ON ‘92 10A ‘e1eq ‘oY "weyd 'shud r

TABLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page kos Temp. dependence of Temp. A(E/RY
Number Reaction cm® molecule™ s™! Alog kyog kiem® molecule™! 5! range/K K
721 CH,SH + O; — products 3.5%107 ! *+0.3
722 CH,SH + NO — products 1.5%10~1 +03
722 CH,SH + NO, — products 44x10™1 *0.5
73 CH,S + 0, + M — CH,S00 + M See data sheet
724 CH;SO0+M - CH;S + O, + M See data sheet
724 CH,S + O; — products 5.4x10712 *02 2.0%10™ 2 exp(290/7) 290-360 +200
725 CH;S + NO + M — CH,SNO + M 32%107% [N,] (ko) +03 3.2X107% (7/300) "¢ {N,] 250-450 An=%2
4x10™" (k) +0.5 4x10™" 250-450 Alog k=*0.5
F=0.60 F.=exp(—7/580)
76 CH,S + NO, — CH,S0 + NO s8/%10~1 +015 22107 axp(320/T) 240-350 +300
727 CH;SO + Oy — products 6.0x107 1 +03
727 CH,SO + NO, — products 1.2%1071 +0.5
728 CH;S00 + O, — products < 8%107*(228K)
728 CH,SOO0 + NO — products L1x10™" 227-255 Alog k=%03
729 CH,S00 + NO, — products 22x107" 227-246 Alog k=+0.3
729 CH,;SCH, + 0, — CH;SCH,0, 57%107 " (1 bar) *04
730 CH,SCH,0, + NO — CH;SCH,0 + NO, 1.9xto™4 +0.4
730 CH,SCH,0, + CH,SCH,0, — products =8x1071
731 CH,SS + 0, — products 4610712 +03
731 CH,SS + NO, — products 1.8x10°1 +03
732 CH,SSO + NO, — products 45%10"12 *+03
732 0, + CH,SCH; — products <1X10718
733 OCS + hv — products See data sheet
734 CS, + hv — products See data sheet
735 CH.SSCH; + hv — products See data sheet
735 CH,SNO + hv — products See data sheet
FO, Reactions
737 O+FO— O, +F 2.7x10™1 +03
737 0 + FO, — O, + FO sx107" +0.7
T
737 O(D) + HF - g?l,';f F 1x10710 £05
738 0('D) + COF, — CO, + F, 22x10°1 02"
- OCP) + COF, 52x107" +02
739 O('D) + CH,F — products 1.6%1071° +0.2
739 O('D) + CH,F, — products 51107 +03
739 O('D) + CHF; — products 9.8x10712 +0.3
739 O('D) + CH,CH,F — products 26x1071° +03
739 O('D) + CH,CHF, — products 20x10™"° +0.3
739 O('D) + CH,CF, — products 1.0x1071° +03
739 O('D) + CH,FCF, — products 49x10™" +03
739 0O('D) + CHF,CF; — products 1.2x10™'¢ +03
740 F+H,— HF + H 26x107 " +0.1 1.4%107 ' exp(—500/T) 200-375 +200
740 F + H,0 — HF + HO 1.4x107" +0.1 1.4x107" 240-370 +200
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TARLE 2. (a) Gas Phase Reacti S y of R and Preferred Rate Data—Continued bl
Page kyos Temp. dependence of Temp. AEIRY
Number Reaction cm® molecule™! 57! Alog kg Kem? molecule™ 57 range/K K
741 F+0,+ M- FO, + M 5.8%1073 [N,] (ko) +03 5.8% 1073%(71300)~ 7 [N,] 100-400 An=+*05
1.2x1071° (k) +0.3 1.2x1071° 100-400 Alog k,=*0.3
F~05 F.=~05 100-400
742 FO,+ M= F+ 0, + M 1.5X1077 |N,| (ko/s™") +0.3 8.4X 1077 (7/300) = 315-420 + 500
Xexp(—5990/7) [N,] An=%0.5
3.1X10° (ks ") +0.3 17X 10" (77300)°% 315-420 +500
Xexp(—5990/T) An=2%05
Fo==05 Fe~05 315-420
743 F+ 0,— FO+ 0, 1.0x107!" +0.25 2.2% 10" exp(—230/T) 250-365 +200
744 F + HONO, — HF + NO, 2.3%107" 0.1 6.0X 1072 exp(400/7) 260-320 +200
744 F + CH, — HF + CH, 8.0x107 ! +0.2 3.0X 10710 exp(—400/T) 250-450 +200
745 HO + CH;F — H,0 + CHF 20%x1071 *+0.15 1.6%107 "2 exp(— 1305/7) 240-300 +400
746 HO + CH,F, - H,0 + CHF, x4 +0.10 20 10712 exp(— 1545/T) 240—300 +200
747 HO + CHF; — H,0 + CF, 2.7x107'¢ +0.2 6.0X 10713 exp(—2295/T) 240—-300 +300
748 HO + CF, — HOF + CF, <2X107 '8
749 HO + CH,CH,F — products 2.0x107% +02 2.4%107 12 exp(—740/T) 240-300 +300
750 HO + CH,CHF, — products 3.6%107" tor 1.0X 10~ "2 exp(—990/7) 240-300 S
751 HO + CH,CF; — H,0 + CHCF, 1.3%107% +0.15 1.05%10™ " exp(—1990/T) 240300 +300 >
752 HO + CH,FCH,F — H,0 + CH,FCHF 1LIx107" *0.3 |
753 HO + CH,FCHF, — products 1.5%107 1 0.2 3.3%107 2 exp(— 1610/7) 270-340  *300 2
754 HO + CH,FCF, — 1,0 + CHFCF, 42Xx107Y +0.2 7.3%107 13 exp(— 1540/T) 240-300 +300 5
755 HO + CHF,CHF, — H,0 - CF,CHF, 59%107% +03 1.4X10™ 2 exp(—1630/T) 270-340 +300 e
756 HO -+ CHF,CF; — H,0 + CIFCFy 19107 1% 102 4.9x10™ " exp(~ 1635/T) 240—300 £ 300 =
757 HO + CHF,CF,CH,F — products 72x10°1 +0.3 2.1 1072 exp(~ 1690/T) 270-340 +300 m
758 HO + CE,CF,CHF — H;0 + CF,CF,CHF 6X107" +0.3 =
759 HO + CF,CHFCHF, — products 48%1071S +03 1.1X10™ "2 exp(—1620/T) 270-340 +300 IE
760 HO + CF,CH,CF; — H,0 + CF,CHCF, 3.5x107"¢ +0.3 7.9% 10" exp(—2305/T) 270-340 400 '
761 HO + CF,;CHFCF, — H,0 + CF,CFCF, 1.6%107% +02 4.5%107 B exp(— 1675/T) 270-463 300
762 HO + CHF,0CHF, — H,0 + CHF,0CF, 29x1071 +0.3
762 HO + HCOF — H,0 + FCO <1x107M
763 HO + CHF,CHO — products 1.6X1071? +0.2
763 HO + CF,CHO — H,0 + CF,CO 60x107" +02
764 HO + CF,COOH — products 1.4x107% 2020 Lax10™" 283-348 Alog k=+0.20
765 HO, + CH;FO, — 0, + CH,FO,H
O, + HCOF + H,0 } See data sheet
765 HO, + CF,CHFO,
: 8; I gizgggo:}lﬂzo } 3.8%10712 +03 1.8X 107" exp(910/T) 210~365 +300
766 FO + O; — products No recommendation (see data sheet)
767 FO + NO — F + NO, 22x107" +0.15 8.2X 10" " exp(300/7) 300850 +200
767 FO + FO — products 1oxto ! *0.2 1.0x107 " 298435 *250
768 FO, + Oy — products <3.4%10716
768 FO, + NO — FNO + O, 1.5%107"? 05
769 FO, + NO, — products 1.0X1071 +0.5
769 FO, + CO — products <5.1X10716
770 FO, + CH, — products <4.1x107 "
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TaBLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rewe Daty—{ootivmed

Page kaog “Temp. dependence of Lemp. A{EIR)
Number Reaction cm® molecule™ 57! Alog kyog Kem?® molecule ™ 57! range/K K
770 CF, + 0, + M » CR,O, + M 1.9%107% [N,] (ho) *02 1.9%1072%(77300) 47 [N,] 200--300 An=-+1
1.0X1071 (ka) +03 1.0x1071 200400 Alog k,=%0.3
F.=0.6
* CF,0 — COF, + F <107 s
77 CF,0 + 0, — COF, + FO, <Ix10718 <1%107 exp(—5600/T) 250370
772 CF,0 + 03 — CF,0, + 0, 2.5><10"l“7 *1 2X10712 Exp(—lsoo/n 250-370 +600
773 CF,0 + H,0 — CF,0H + HO <2X10” <3X10™ " exp(—3600/T) 250-380
773 CF,0 + NO — COF, + FNO 5.4><10':"1 +0.1 3.7X10“:;exp(110/7‘) 230-390 *100
774 CF,0 + CH, — CF,OH + CH, 2.1%107 +0.1 2.5%X107 12 exp(—1420/T) 230380 +200
775 CF,0 + CHg — CROH + (G H, 12x10712 +0.1 4:7X107 12 exp(—400/T) 230-360 *200
7 CH,FO + O, — HCOF + HO,
777 CH,FO + M — HCOF + H + M See data sheet
777 CH,CF,0 + O, — products Swe d
7 CH,CF;0 + M — CH, + COF, + M oo data sheot
777 CH,FCHFO + O, — CH,FCOF + HO, See data sheet
7 CH,FCHFO + M — CHyF + HCOF + M
777 CF,CHFO + O, — CF,COF + HO, Seo data sheet
777 CF4CHFO + M ~ CF, + HCOF + M
777 CE,CF,0 + 0, — products See data sheet
777 CF,CF,0 + M — CF, + COF, + M
781 CH,FO, + NO — CH,FO + NO, 13x107" +03
781 CHF,0, + NO — CHE,0 + NO, 1.3x107" +03
781 CF,0, + NO — CF,0 + NO, 1.6x107 1 *+0.15 1.6X10711(7/298) 12 230-430  Alog k=%0.15
781 CH,FCHFO, + NO — CH,FCHFO + NO, >9%10712
781 CHF,CF,0, + NO — CHF,CF,0 + NO, >1x107"
781 CF,CHFO, + NO — CF,CHFO + NO, 1.3%107" +0.3
781 CK,CR0; + NO — CRCR0 + NO, >1x107"
784 CF,0, + 03 — CF0 + 20, <3x10°'%
785 CF,0;, + NO; + M — CF,0,NO, + M 4.5X107% [N,] (k) +0.3 4.5X107% (17300)754 [N,] 220—300 Alog n==1
7.5X10°1 (hy) +0.5 7.5%10712 200-300 Alog k, =%+0.5
F,=028 F.=028 220-300
786 CFRONO, + M — CR0, + NO, + M 3.6x107" [N,] (ko/s™") +0.4 5%107! (77300)~¢ 233-373 +500
. Xexp(—12460/T) [N,]
5.6X1072 (ko/s™h) *0.5 _ 1.2X10"7 exp(—12580/T) 233-373 +500
F,=028 F,=0.28 220-300
786 CH,FO,+CH,FO, — CH,FOH + HCOF + O, 12 13
— 2CILFO + O, (2.0-4.0)X10 (2.0-4.0)X107"2 exp(700/T) 220-380
787 CHF,0, + CHF,0, — CHF,OH + COF, + O, (2.5-5)X10712
— 2CHE,0 + O, _‘2
788 CF,0, + CF,0, — 2CF;0 + O, L7X10 +02
789 CF;0, + CF,CHFO, — CF,00CHFCF; + O, 8x10-12 05
— CF,0 + CF,CHFO + O, =Y

790 CHF,CF,0, + CHF,CF,0,
— CHF,CF,00CE,CHF, + O, <3%10°12
—+ 2CHE,CF,0 + O,
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TABLE 2. (a) Gas Phase R S y of R and Preferred Rate Data—Continued
Page kags Temp. dependence of Temp. A(EIR)!
Number Reaction cm® molecuie™" 57! Alog kyop k/cm® molecule™" 5" range/K K
791 CF,CHFO, + CF;CHFO,
: chéfg:FooH ++ SZFSCOF o 59%107"2 +03 7.8%10 " exp(605/T) 210-375 +200
792 CF,CF,0, + CF,CF,0, — 2CF,CF,0 + 0, =2x107"
702 HCOF t kv — products See data cheet
794 COF, + hv — products Sec data sheet
794 CF,CHO + hv — products See data sheet
795 CF;COF + hv — products See data sheet
ClO, Reactions
797 O + HOCI — HO + CIO 1.3x107 " *+0.7 1.0X 10~ " exp(— 1300/7) 200-300 *1000
797 0+ ClIO— Cl+0, 3.8x107" *0.1 3.8x107 " 200-300 +250
798 0 + OCIO — 0, + CIO 1.0x107 " *03 2.4X107 "% exp(—960/T) 240-400 +300
798 0O+ 0OCIO+M— ClO; + M 1.8X107 % [N,] (ko) *0.3 1.8X107%(17298) " [N,] 250-300 An—10.5
3.1x107" (k) +03 3.1x107"(17298)! 250--300 An=%1
F=0.48
799 0 + C,0 - CIO + CIO 45x10712 +0.15 2.7x10™ " exp(—530/T) 230-380 +200
800 O + CIONO, — products 2.0x10°" +0.1 3.0X10™ " exp(—800/T) 213-295 +200
800 O('D) + CHF,Cl — products 1.0x1071° *0.15 1.0x107%° 175-340 Alog k=+0.15
800 O('D) + CHFCI, — products L9X107° *0.2 LYXI0 *° 175340 Alog k=T0.2
800 0O('D) + CH,CF,Cl — products 22x107'° *02
800 O('D) + CH,CFCl, — products 2.6x1071° *02
800 0('D) + CH,CICF, — products t2x1071° *02
800 O('D) + CH,CICF,Cl — products 1L.6X1071° +0.3
800 O('D) + CHFCICF; — products 8.6x10™" +0.2
800 O('D) + CHCLCF, — products 20%1071° 02
801 O('D) + CF,Cl, — products 1.4x107" *0.1
802 O('D) + CFCly — products 23%1071° +0.1
803 O('D) + CCl, — products 3.3%107" *0.1
803 O('D) + COFCI -+ products 1.9%107" +0.3
803 0o('D) + COCl, — products 3.6Xx1071° *0.3
804 Cl+H,— HCI+ H 1.6x10™" *0.1 3.7%107 " exp(—2300/T) 200-300 +200
805 Cl + HO, — HCl + O, 3.2%x107 " +0.2 1.8%10™ " exp(170/T) 250-420 +250
— CIO + HO 9.1x107 12 +03 4.1%10™ " exp(—450/T) 250420 *+250
805 Cl + H,0, — HCl + HO, 41X107"? 02 1.1X 107" exp(—980/T) 265-424 +500
806 Cl+ 0, + M — CIOO + M 1.4%107% [N,] (ko) +0.2 1.4%1073(17300)%° [N,] 160-300  An=x*1
1.6X107%[0,] (ko) *02 1.6X1073%(1/300)2° [0,] 160-300  An==i
806 CIOO+M = Cl+0,+M 6.2X107 "3 [N,] (kofs™") +0.3 2.8%107* exp(— 1820/T) [N,] 200-300 +200
807 Cl+ CO+ M- CICO+ M 1.3%107 % [N,] (ko) +0.3 1.3%1073(17300) %% [N,] 185-300 An=x1
808 CICO +M— Ci+ CO+M 2.0X107 1 {N,] (kols™") +0.4 4.1%107"° exp(—2960/T) [N,] 185-300 +200
808 Cl+ 0;— ClO + 0, r2xio™" +0.06 2.9%10™ " exp(—260/T) 205-298 +100
809 Cl + HONO, — HCl + NO, <2.0X107'
809 Cl + NO, — CIO + NO, 2.4x107" +0.2 2.4x107" 200-300 *+400
810 Cl + OCIO — CIO + CIO 5.8x107 " +0.1 3.4x10™ " exp(160/T) 298-450 +200
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TABLE 2. (a) Gas Phasc Reactions—Summary of Re

Page kagg Temip. dependence of Temp. B EPR
Number Reaction cm® molecule™ s~ Alog kg Kfem® molecule™ 57 range/K K
210 Cl + CLO + Cl, I CIO 2.6%10" 1! +0.1 6.2%107 M oxp(130/7) 233373 +130
811 Cl + CLO, — Cl, + CI0O 1.0x10710 +03 1.0x107'® 230-298 =300
811 Cl + CIONO, — Cl, + NO, 1.2x107" +0.12 6.8X 107" exp(160/T) 219-298 +200
812 Cl + CH, — HCI + CH,4 1.0x107" +0.08 9.6X 107" exp(—1350/T) 200-300 +250
813 Cl + GH, + M - GH)Cl + M 5.7X107% [N,] (ko) +0.3 5.7X1073%(7/300) 3 [N,] 200-300 An==*1
2.3%10710 (k) +0.3 23%1071° 200-400 An==*1
F=06
814 Cl + CH, + M — GHCl + M 1.6Xl})|;29 [air] - (kg) +05 1.6X 10~2(7/300) 3 [air] 250-300 An==*|
3%10 (k=) +03 3x1071° 250-300 An==*1
F,=0.6
814 Cl + C,Hy — HCI + C,Hy 5.9%107" +0.06 8.1x107" exp(~95/T) 220-600 +100
815 Cl + C3Hy — HCl + C;H, 1.4%x10710 +0.12 1.2X107 19 exp(40/7) 220-600 +200
R16 Cl + HOHO — HOL + HCO 73axin~ ! +0.06 8.2%10™ " exp(—34/T) 200-500 +100
816 Cl + CH,CHO — HCI + CH;CO 72%107" =0.15 7.2%107 " 210-340 +300
817 Cl + C,H;CHO — products 1.2x107%° 03
817 Cl + CH;COCH; — HCl + CH;COCH, 3.5%107 12 +0.3
817 Cl + CH;0H — HCl + CH,0H 55x107" +0.15 5.5x107" 200-573 +200
818 Cl + C,H;0H — products 9.4x107 " +0.2
818 Cl + n-CyH;0H — products 1.5%10710 +0.2
819 Cl + i-C;H,0H — products 8.4x107" 0.3
819 Cl + CH;00H — products 5.9%107 1 =05
820 Cl + HCOOH — products 2.0x10713 +0.2
820 Cl + CH;COOH — products 2.8x1071* +03
820 Cl + CH;ONO, — products 2.4%107 " =03
821 Cl + C,HsONO, — products 4.7%x107"2 +0.2
821 Ci + n-C3H,0NO, — products 2.7%x107 +0.2
821 Cl + i-C;H,0NO, — products 5.8x107"2 *0.3
821 Cl + CH;C(0)OONO, — products <2x107"
822 Cl + CH;CN — products <2x107%
822 Cl + HC(0)Cl — HCI + CICO 7.8x107" +0.15 123107 exp(—815/T) 265-325 *300
823 Cl + CH;F — HCl + CH,F 3.5%107 " +0.15 1.7X107 " exp(— 1160/7) 273-368 +500
823 Cl + CH,Cl — HCI + CH,C! 4.9x1071 +0.15 3.3%x107" exp(—1250/T) 233-322 +300
824 Cl + CH,F, — HCI + CHF, 7.3%10™* +0.5 15107 exp(—1580/T) 281-368 +500
825 Cl + CH,FCl — HCl + CHFCl 1.1x10" % +0.3 1.0X107"" exp(—1340/T) 273-368 +500
825 Cl + CH,Cl, — HCI + CHCl, 3.6%x107 9 +0.15 2.8%10™ ' exp(—1300/T) 270-370 +300
826 Cl + CHF,Cl — HCI + CF,Cl 1.9%1071 +0.15
827 Cl + CHFCl, — HCl + CFCl, 2.1x107™ +0.3
827 Cl + CHCl; — HC + CCl, 7.6x107' +0.3 49X 107" exp(—1240/T) 240-330 =400
828 Cl + CH;CH,F — HCl + CH;CHF 6.7X107'2 *+0.5 15107 exp(—240/T) 281-368 =500
— HCl + CH,CH,F 73%107 1 +0.5 1.2X107 " exp(—830/T) 281-368 +500
828 Cl + CH;CHF, — HCI + CH,CF, 2.7%107 % +0.15 6.8X107 "2 exp(—960/T) 280-360 +500
— HCI + CH,CHF, 25%107" +0.5 7.6X10 12 exp(—2395/T) 280-360 +500
829 Cl + CH,FCH,F — HCI + CHFCH,F 7.7%107"? +0.5 2.7%x10™ " exp(—1060/T) 280-360 +500
830 Cl + CH;CF, — HCl + CH,CF, 2.6x107"7 +0.5 1.0% 107" exp(—3830/T) 281-368 +500
830 Cl + CH,FCHF, — HC! + CH,FCF, 2.5%107 " +0.5 4.8%107 "2 exp(—1560/T) 281-368 +500
— HC! + CHFCHF, 25%107 % =05 6.7%107 2 exp(—1670/T) 281-368 500
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TABLE 2. (2) Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continucd

Page kaog Temp. dependence of Temp. A(EIRY
Number Reactinn em? molecule ™! ¢! Alog kyyg klem? molceulc™! 57! rango/K K
831 Cl + CH;CF,Cl — HCl + CH,CE,Cl 40X107 +0.15
832 Cl + CH,CFCl, — HCI + CH,CFCl, 23x1078 +0.1 1.0X 1072 exp(— 1800/T) 298-376 +500
832 Cl + CH;CCl; — HCl + CH,CCl, <4x107™
833 Cl + CH,FCF; - HCI + CHFCF, 1.5%107 1 *0.1
833 Cl + CHF,CHF, — HCI + CF,CHF, 22%107% +02 7.9%107 12 exp(—2440/T) 280-360 +500
834 Cl + CHF,CF; — HCl + CF,CF, 24%1071 +0.2
835 CI + CHFCICF, — HCI + CFCICF, 27x107" 0.1 1.1X10™ "2 exp(— 1800/T) 276-376 +500
835 Cl + CHCI,CF,; — HCl + CCL,CF, 1.2x107" +0.1 4.4X107 "2 exp(—1750/T) 276-382 +500
836 Cl + OCS — SCI + CO <1.0x10°'®
837 Cl + CS, + 0, — products <4x107" (1 bar air)
838 Cl + CH,SCH, — products 33x10°1° (1 bar Ny) +02
839 HO + Cl, — HOCI + CI 6.7x10™ 14 +0.1 1.4X 1072 exp(—900/7) 250-330 *400
839 HO + HCl - H,0 + CI 8.1x10™ " 0.1 2.4%107 "2 exp(—330/T) 200-300 +150
840 HO + HOC! — CIC + H,0 5.0x107 % +0.5 3.0% 107" exp(—500/T) 200300 +500
840 HO + C10 — HO, + Ul - + —1 . 4+

S HO Oz} 1.7X10 +0.2 1.1X107"" exp(120/T) 200-373 *150
841 HO + OCIO — HOCI + 0, 7.0x107 12 +0.3 4.5%10™ ' exp(800/T) 290-480 +200
841 HO + CINO, — HOCI + NO, 3.6x1071 +0.3 2.4%107 "2 exp(— 1250/T) 260--350 +300
842 HO + CIONO, — products 39x10™ " +0.2 1.2X 1072 exp(—330/T) 246-387 +200
843 HO + CH,Cl — H,0 + CH,CI 42%x107" +0.10 3.8X10™ "2 exp(— 1340/T) 240-300 +200
844 HO + CH,FGl — H,0 + CHFCI 44X107 " +0.10 2.0X10™ 2 exp(—1135/T) 240-300 *200
844 HO + CH,Cl, —» H,0 + CHCl, 12x107 1 +0.20 2.7X107 "2 exp(—920/T) 240--300 +300
846 HO + CHF,Cl — H,0 + CF,Cl 46x1071° +0.10 7.8X 107 * exp(— 1530/T) 240-300 +200
847 HO + CHFCl, — H,0 + CFCl, 3.0%x10™" +0.10 8.3X10™"? exp(— 1010/T) 240-300 +200
847 HO + CHCl; — H,0 + CCl, 1.0x107 % +0.10 9.3x10 "2 exp(—660/T) 240-300 +100
848 HO + CF,Cl, — HOCI + CF,Cl <7X107"® <1X107 "2 exp(—3540/T) 250-478
848 HO + CFCl; — HOCI + CFClL, <5x1071® <1X107 "2 exp(—3650/T) 250-480
849 HO + CCl, — HOCl + CCl, <5%107'6 <1X107 "2 exp(—2260/T) 250-300
849 HO + C,HCl, — products 22%107 12 +0.10 5.0X107'% exp(445/T) 230-420 +200
849 HO + C,Cly — products 1.7xi0 *0.10 9.4%107 "2 exp(—1200/T) 300-420 +200
850 HO + CH,CF,Cl — H,0 + CH,CF,Cl 3.0%107" +0.10 9.2X10™"3 exp(— 1705/T) 240-300 +200
851 HO + CH,;CFCl, — H,0 + CH,CFCI, 59%x107% *0.15 7.0X107 " exp(—1425/T) 240-300 +200
852 HO + CH,CCl; — H,0 + CH,CCl, 9.5x107 " *£0.10 1.2X107 2 exp(— 1440/T) 240-300 +200
853 HO + CH,CICF; — H,0 + CHCICF, 1.3x107 1 *0.2 5.2X10™ ¥ exp(— 1100/T) 260-380 250
853 HO + CH,CICF,Cl — H,0 + CHCICE,CI 1.6x107 1 +03 3.2X107 "2 exp(~ 1580/T) 250-350 +500
854 HO ! CIIFCICT; — 11,0 + CICICr, 9.5x107 1% £0.20 3.4X10 " exp(—1205/1) 240-300 +300
855 HO + CHCLCF; — H,0 + CCL,CF, 3.6%10° " *0.15 5.5%107 " exp(—815/T) 240-300 +200
856 HO + CHFCICF,Cl — H,0 + CFCICF,Ci 12%1071 *03 8.4%107 1® exp(— 1255/T) 298-460 +400
856 HO + CHCLCF,Cl — H,0 + CCLCF,Cl 5.1%10" " +0.3 1.2X 10 2 exp(—940/T) 298-460 +400
857 HO + CHFCICFCI, — H,0 + CFCICFCl, 1.7x107 % *+0.3 4.1X107 12 exp(—945/T) 270340 +400
857 HO + CHCLCF,CF; — H,0 + CCL,CF,CF, 2.5%X107 1 *+0.15 LIX1072 exp(— 1130/T) 270-400 +300
858 HO + CHFCICF,CF,Cl — H,0 + CFCICF,CF,Cl 89x10°% *+0.10 5.5%107" exp(— 1230/7) 290400 300
858 HO + CH,CF,CFCl, — H,0 + CH,CF,CFCl, 24%1071 *+03 7.0X 107" exp(—1690/T) 290-370 +300
858 HO + HC(0)C! — H,0 + CICO <5%X107 8
858 HO + COCl, — products <5x107"
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TABLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rase Data—Cy

Page kyon Temp. dependence of Temp. A(EIRY
Number Reaction cm® molecule™' s Alog kyog Kem® molecule™' 57! range/K K
859 HO + CH,CICHO ~ products 3.1X107" +0.20
860  HO + CHFCICHO — products 2.1x107 "2 +£0.20
860  HO + CHCI,CHO — products 2.4x107 12 +0.20
861  HO + CF,CICHO — H,0 + CF,CICO 8.2x107 " +0.25
861  HO + CFCL,CHO — H,0 + CFCL,CO 1.2x107" +0.20
862  HO + CCLCHO — H,0 + CCLCO 1.1%107 "2 +0.15
863  HO + CH,COCI — H,0 + CH,COCl 9x10" *+1.0
863  HO + CHF,0OCHCICF, — products 2.1x107" 0.5
864  HO + CHF,0CF,CHFCI — products 1.6X107 " +0.5 6.1X107 3 exp(~ 1080/7) 300-430 =500
865 HO, + CFyCCLO; — O, + CF;CCLOH 1.9x10~" £03
865  HO, + CH,CIO, — O, + CH,CIOH 50%107 " *+0.3 3.2X107 P exp(820/7) 250-600 300
86  NO; + HCl - HNO, + Cl <5%107"
866 NO; | GIICl; — products 2.9%10716 +0.3
866  NO, + C,Cl, — products <1x107'¢
868  CIO + HO, — HOCI + O, } 5.0x107" +0.15 4.6X107" exp(710/T) 200-300  +300
— HCl + O,
868  ClO + Oy — CIOO + O, <1.5x107"7
— OCIO + 0, <1X10""®
868  ClO + NO — Cl + NO, L7X10°" +0.1 6.2X10™ "2 exp(294/T) 202-415 +100
869  ClO + NO, + M — CIONO, + M 1.6%1073 [N,] (ko) 0.1 1.6X1072(77300)7>4 [N,] 200-300  An=x*1
2%x10~" (k) +03 %1071 200-300  Alog k=03
F.=05 F.=exp(—77430) 200-300 .
870  ClO + NO, — CIOO + NO, 1 -
~. 0CIO + NO, } 47%10 +02 47X10 210-350 400
R71 10+ CI0 L CL + 0, A8/% 10715 +02 10X 10712 exp(—1500/T) 260-390 +500
— Cl + CI00 8.0x107" +02 3.0X10™" exp(—2450/T) 260-390 500
— Cl + OClO 3.5%x107% +02 3.5X107 "2 exp(—1370/T) 260-390  +500
872 CIO+CIO+M— CLO, + M 1.7X107%2 [N,] (ko) 0.1 1.7X107(7/300)* {N,] 200-300  An=%15
5.4%10712 (k=) +03 5.4x10712 200-300  Alog k=*0.3
F.=0.6
874  CLO,+M — CIO + CIO + M 2.2x107 ¥ [N,] (ko/s™") +03 1X107® exp(—8000/T)[N,] 260-310  +900
6.7X10% (kats™) +03 4.8X 10" exp(—8820/7) 260-310 = 500875
875  CIO + OCIO + M — Cl,0, + M 6.2X107 % [N,]} (ko) +0.3 6.2%10"(77300) 47 [N,] 200-300  An=x1
2.4x107" (k) *+03 2.4x107" 200-300  Alog ko =+0.3
F.=0.6 F.=0.6 200-300
876  CLO,+ M — CIO + OCIO + M 2.8%X107 ¥ [N,] + 0.5 (226 K)
(bt 1; 776 K)
876  CIO + CH;0, — CIOO + CH;0 1.6x10772 +0.3 49%X10™ " exp(—330/T) 225-355 =200
— CH,0Cl + O, 63%x107% +0.3 2.6%10" " exp(260/T) 225-355 =250
— 0CIO + CH,0 <1X10™% (200 K)
877  ClO + CH,SCH; — products 9x10™ " +05
877  OCIO + 0; — CI0; + O, 3.0x107" +04 2.1X10™ " exp(~ 4700/T) 262-298 . 1000
878  OCIO + NO — NO, + CIO 3.4%107 " +0.3
878  OCIO + NO, + M — O,CIONO, + M 1X107% [He] (ko3 220 K) *+04
879  Cl,0, + 0; — CIO + CIOO + O, <Ix107" (200 K)
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TaBLE 2. (a) Gas Phase R y of R and Preferred Rate Data—Continued

Page kog Temp. dependence of Temp. A(EIR)/

Number Reaction cm? molecule™ 7' Alog kg Kem® molecule™ 57! range/K K

879 CRCl + 0, + M — CECIO, + M 1.4%107% [N,) (ko) +05 1.4X 10" 2(17300)~% [N,] 200-300  An=*2
9x10™12 (k) +0.5 9x10™ 1 200-300 Alog k=+0.5
F=06

880 CFCl, + 0, + M — CFCL,0, + M 5.5%1073 [Ny} (ko) +03 5.5X107*(77300) ¢ [N,] 200-300 An=*2
9x107 " (k.) +0.5 9x10™ " 200-300  An=z1
F.=06

881 CCl + O, + M — CCLO, + M 9% 1073 [N,] (ko) =03 9%1073(7/300) % [N,] 200-300 An=x*1
Ix107 " (k) *04 3x10712 200-300  Alog k=204
F=06

77 CHFCIO + O, — COFCl + HO, } Seo data sheet

777 CHFCIO + M — HCOF + Cl + M

777 CF,CIO + O, — products See data sheet

N CFCIO + M — COF, + Cl + M 7X10° (ks *1.0 3% 10" exp(—5250/T) 220-300 +1000

1 CFCL,0 + O, — products See data sheet

* CFCLO + M — COFCI + Ci + M 7%10° (kis™") +1.0 3% 10" exp(~5250/T) 220-300 1000

* CCLO —~ COCL, + C1 8x10° Ws™) +10 4%10' exp(—4600/T) 220-300 +1000

m CF,CICH;0 + 0, — CF,CICHO + HO,

m CRCICH,0 + M — CRCI + HCHO + M } See data sheet

777 CFCLCH,0 + 0, — CFCL,CHO + HO,

777 CFCLCH,0 + M — CFCL, + HCHO + M } See data sheet

777 CF,CFCIO + O, — products

777 CR,CFCIO + M — CE,COF + Cl + M See data sheet

m CF;CCLO + O, — products

m CRCCLO + M — CRCOCI + O + M See data sheet

77 CF,CF,CCLO + 0, — products

T CRCRCCLO + M — CF,CR,COCI + Cl + M See data sheet

iy CF,CICF,CFCIO + O, — products

717 CECICR,CFCIO + M — CF,CICF,COF + Ci +M Seo data sheet

bl CH,CIO + 0, — HCOCI + HO,

m CH,CI0 + M — HCO + HCL+ M See data sheet

777 CH,CHCIO + 0, — CH,COCI + HO, }

777 CH,CHCIO + M — CH,CO + HCl + M See data sheet

m HOCH,CHCIO + 0, — HOCH,COCI + HO, }

777 HOCH,CHCIO + M — CH,OH + HCOCI +M See data sheet

777 HOCHCICH,0 + 0, — HOCHCICHO + HO, }

m HOCHCICH0 + M — CHCIOH + HCHO + M | See data sheet

m CH,CC1,0 + O, — products

717 CHCCLO + M — CH,COCH + Cl + M Sce data sheet

m CCLCH,0 + 0, — CCI,CHO + HO,

777 CCLCH,O + M — CCl, + HCHO + M } See data sheet

77 CCLCCLO + 0, — products

777 €OLECLO + M — CCLCOC! + Gt + M See data sheet

781 CH,CIO, + NO — CH,CIO + NO, 1.9x107" +03

781 CR,CI0, + NO — CF,CIO + NO, 1.5x107" *02 1.5% 107 "(17298) 1 230-430  Alog k=202

ovs
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TaBLE 2. (2) Gas Phase Reactions—Summary of Rezctions and Preferred Rt Dats— oot

Page ka98 Temp. depondence of Temp. A(EIRY
Number Reaction cm® molecule™ 57! Alog kyoq kem® molecute™" 57! range/K K
781 CFCL,0, + NO — CFCLO + NO, 1.5% 10':: +0.2 1.5%1071(77298) '3 230-430 Alog k=%0.2
781 CClL0, + NO — CCl,0 + NO. 1.8x10™ +0.2 1.8x1071!(7/298)~ *° 230-430 Alog k=+0.2
781 CF,JméH,o2 + NO = CFZCICIZ{ZO + NO, 12x1074 +03 ) *
781 CFCl,CH,0, + NO — CFCI,CH,0 + NO, 13xt0™" +0.3
781 CF,CC1,0, + NO — CF,CCLO + NO, 1.8%107" +03
882 CF,CI0, + NO, + M — CF,CIO,NO, + M 1.4% 1072 [N,] (ko) *0.5 1.4% 107 2(77300) 54 [N,) 200-300 An=*2
7.5%10712 (ko) +03 7.5%107 " 200--300 Alog k=203
F.=0.26 F,=0.26 220-300
882 CF,CIONO, + M — CF,CIO, + NO, + M 9.0X107 2 [N;] (kyfs™") +0.3 1.8 1073 exp(~— 10500/T) [N,] 260-300 +500
5.4%1072 (kts™") +0.3 1.6X10' exp(—11990/7) 260-300 +500
F,=0.26 F,=0.26 250-300
883 CFClL,0, + NO, + M — CFCLO,NO, + M L7x1072 [N,] (ko) +03 1.7X107%%(77300) %7 [N,] 230-300 An=x2
7.5%10712 (ka) +0.3 7.5%10712 250-300 Alog k=%03
F.=023 F,=0.23 230-300
884 CFCLO,NO, + M — CFCLO, + NO, + M 15X107 18 [N,] (kofs™h) +03 1.0X1072 exp(— 10860/T) 250-300 +500
9,6X1072 (kals™") +0.3 6.6X10'S exp(—12240/7) 250-300 +500
F,=0.23 F.=023 250-300
884 CCLO, + NO, + M = CCLONO, + M 3.2%107 2 [N,] (ko) +05 3.2X1072(1/300)"77 [N,] 230-300 An=%*3
7.5%10712 (ko) +03 751071 250-300 Alog k=%0.3
F.=021 F.=021 250300
885 CCLONO, + M — CCLO, + NO, + M 7.6X107 ¥ [N,} (kofs™") +03 6.3%1073 exp(—10235/T) [N,] 250-300 +500
0.29 (kofs™") +0.3 4.8x10' exp(— 1820/7) 250-300 *+500
F=0.20 Fe—0.20 250-300
886 C,H50, + CF;CCL0,
— CH,CHO + CF,CCL,OH + 0, 3.6x10712 +03
— C,H;0 + CF,CCLO + 0, 9x 10~ +0.5
886 CF,CICH,0, + CF,CICH,0,
— CF,CICH,0H + CF,CICHO + O, .
_. 2CR,CICH,0 + O, =4x10
887 CFCL,CH,0, + CFCL,CH,0,
— CFCL,CH,OH + CFCL,CHO + O, B n
—» 2CFCLCHO + 0, =4x10
887 CF,CCLO, + CF,CCLO,
— CF,CCL00CCLCF, + 0, n
— 2CF,CCLO + O, <3x10
888 CH,CIO, + CH,CIO, — 2CH,CIO + O, 3.7%10° " +0.2 2.0X10~ " exp(870/T) 250-600 +200
889 CCl,0, + CCl0, — CCLOOCCl, + 0, n e
2000 + O, 1.6%10 +0.3 8.9% 10" exp(860/T) 250-430 +300
890 CH,CHCIO, + CH,CHCIO,
— CH;CHCIOH + CH,COCl + 0, 5%10712 03
— 2CH,CHCIO + 0,
891 CH,CICH,0, + CH,CICH,0,
— CH,CICH,0OH + CH,CICHO + O, 0 s
. 2CR,CICH,0 + O, <4.8X10 <1.6X107 " exp(1020/7) 220-380
892 03 + C;HCl; — products ~<5x1077"
892 0Oy + C,Cl, — products <107
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TABLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page kaog Temp. dependence of Temp. ACEIRY
Number Reaction cm® molecute™' 5" Alog kyg Kkem® molecule™ 57! range/K K
892 HCl + hv — products See data sheet
893 HOCI + hv — products See data sheet
894 OCIO + hv — products See data sheet
895 CLO + hv — products See data sheet
895 CLO, + hv — products See data sheet
896 CLO; + hv — products See data sheet
897 CINO + hv — products See data sheet
898 CIONO + Av — products See data sheet
898 CINO, + hv — products See data sheet
899 CIONO, + hv — products See data sheet
900 Cl, + hv — products See data sheet
901 CH;Cl + hv — products See data sheet
901 CHF,Cl + hv — products See data sheet
902 CF,Ci, + hv — products See data sheet
902 CFCl; + hv — products See data sheet
903 CCly + hv — products See data sheet
904 CH,CF,Cl + hv — products See data sheet
905 CH,CFCl, + hv — products See data sheet
905 CH,CCl; + hv — products Sec data sheet
906 CFyCHFCl + hv — products See data sheet
907 CF,CHCl, + hv — products See data sheet
907 CF,CICECl, + hv — products See data sheet
908 CF,CICE,C] + hv — products Sce data sheet
908 CF,CF,Cl + hv — products See data sheet
909 CF,CF,CHCI, + kv — products See data sheet
909 CF,CICF,CHFCl + hv — products See data sheet
910 HCOCI + hv —~ products See data sheet
910 COFCl + hv — products See data sheet
911 COClL, + hv — products See data sheet
912 CF,CICHO + kv — products See data sheet
913 CFCL,CHO + hv — products Sec data shect
914 CCL,CHO + hv — products Sce data sheet
916 CF,COCI + hv — products See data sheet
BrO, Reactions
918 O + HOBr — HO + BrO 2.5%107" 0.5
918 O+ BrO — O, + Br 4.1x10°1 +0.2 1.9%10™ 1 exp(230/7) 230-330 =150
919 Br + HO, — HBr + O, 2.0%107"2 +0.3 1.4% 10" exp(—590/T) 260-390 +200
919 Br + H,0, — HBr + HO, } <5%10-1%
— HOBr + HO
919 Br+ 0, — BO + 0, 1.2x1071? +0.08 1.7%10™ " exp(—800/T) 195-392 +200
920 Br + NO, + M — BINO, + M 42X1073 [N,] (ko) +03 42X 1073(T7300)24 [N,] 200-300  An=%1
271071 (k) 04 27x1071 200-300  Alog k=%0.4

F=0.55
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TaBLE 2. (a) Gas Phase Reactions—Summary of Reactions and Preferred Rate Dats—Continmed

Page kos Temp. dependence of Temp. MEIR)
Number Reaction cm? molecule™! 57! Alog kyog Kem?® molecule™ 7! range/K K
920 Br + OCIO — BrO + CIO 3.4%x1071 +03 26X107" exp(—1300/T) 200-450 *300
921 Br + CL,O — BrCi + CIO 43%107 1 *+0.1 2.1x10™" exp(—470/T) 220-400 *200
921 Br + CL0, — BrCl + CI00 3.0%x107 12 +0.3
922 Br + HCHO » HEr + HCO 1.1%10712 +0.18 17107 axp(—R00/T) 223-480 +250
922 Br + CH;CHO — HBr + CH,CO 39%107" +0.2 1.3%10™ " exp(—360/T) 250-400 +200
923 HO + HBr — H,0 + Br 1.1x107" +0.10 1.1%107V(7/298) 7% 200-400  An=133
923 HO + Br, —» HOBr + Br 45x%107" +0.15 1.2x10° " exp(400/T) 260-360 +400
924 HO + CHBr — H,0 + CH,Br 29%x107 4 +0.08 171072 exp{—1215/T) 240--300 +150
925 HO + CH,Br, — H,0 + CHBr, 1.1x10™" +0.20 1.5%107 "2 exp(=775/T) 240-300 +300
926 HO + CHF,Br » H,0 + CEBr 0810”1 +0.10 R.1%107 1 exp(—1315/7) 240-300 +150
927 HO + CF,Br — products <1%107'¢
927 HO + CF,CIBr — products <1Xx107'¢
927 HO + CF,Br, — products <5%107%
928 HO + CF,CH,Br — H,0 + CF,CHBr 1.6x107% +0.20 1.4X 1072 exp(—1335/T) 280-460 +300
928 HO + CF,CHFBr — H,0 + CF,CFBr 1.7X107 1 +0.2 8110713 exp(—1155/T) 279-460 +300
929 HO + CF,CHCIBr — H,0 + CF,CCIBr 46x107" +0.20 1.2X10™ "2 exp(—970/7) 298-460 +300
929 HO + CF,BrCF,Br — products <1.3x107'¢
930 Br + NO; — BfO + NO, 1.6x107" +03
930 BrO + NO, — R:0O + NO, 1.0x107 12 +0.5
931 NO, + HBr — HNO, + Br <1X107%
932 BrO + HO, — HOBr + O, } 33x107" +02 62%10"" exp(S00/T) 200-300 500
— HBr + O,
932 BrO + O, — Br + 20, <5x%107"
933 BrO + NO — Br + NO, 21x107" *0.1 8.7%10™'2 exp(260/T) 224-425 +100
934 BrO + NO, + M — BrONO, + M 47%107 [N,] (ka) +0.1 47%x1072(1/300) > {N,] 200-300 An=x1
1.7%107" (k) 0.1 1.7%107*'(1/300) %8 200-300 An=*1
F.=0.40 F=exp(—T/327) 200-300
935 BrO + CIO — Br + OCIO 6.8%107 "2 +0.1 1.6X 10 "2 exp(430/T) 220-400 +200
— Br + ClOO 6.1x10" 2 *+0.1 29%10™ 2 exp(220/T) 220-400 +200
— BrCl + 0, 1.0x10°12 +0.1 5.8X107 " exp(170/T) 220-400 +200
936 BrO + BrO — 2Br + O, 2.1%x1071 *0.1 4.0%107 2 exp(—190/T) 220-400 +150
— Br, + O, 3.8x10713 +0.1 42%10™ " exp(660/T) 220--400 +300
781 CH,B10, + NO — CH,BrO + NO, 11x107" +03 .
937 CH,BI0, + CH,BrO,
— CH,BrOOCH,Br + O, - i
— 2CH,BIO + 0, <3310
938 BrCH,CH,0, + BrCH,CH,0,
— BtCH,CH,OH + BrCH,CHO + 0, 1.6%10™ % +03
— 2BrCH,CH,0 + O, 23x10712 +0.3
939 BrO + CH,SCH, — products <2.7%x107%
939 HOBr + hv — products See data sheet
940 BrO + hv — products See data sheet
941 BrONO, + hv — products See data sheet
942 CH;,Br + hv — products See data sheet
943 CF;Br + hv — products See data sheet
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TaBLE 2. (a) Gas Phase Reactions—Summary of Reactions and Prefetred Rate Data—Continued

Page kg Temp. dependence of Temp. A(EIR)/

Number Reaction em?® molecule™ &7t Alog kg Hem3 molecule™! 671 range/K K

943 CE,CIBr + hv — products See data sheet

944 CF,Br, + hv — products See data sheet

945 CHBr; + hv — products See data sheet

946 CF,BrCF,Br + hv — products See data sheet

10 Reactions

948 O+L,—~10+1 1.4X107'° +0.3 1.4x1071° 200-400 +250

948 O+10—- 0, +1 3%x107" *0.5

948 I+ HO, — HI + O, 3.8%x107 1 +03 1.5X 10" exp(—1090/T) 250-350 +500

949 1+0;,-10+0, 1.0x10712 +0.2 2.0%107 " exp(—890/T) 200-350 +300

949 1+ NO+ M- INO + M 1.8X107 %2 [N,] (ko) *0.1 1.8X 107 3(71300) 1° [N,] 200-400 An=2%0.5
1.7x107" (k) +0.3 1.7x107! 200-400 An=20.5
F.=0.75 F =[exp(—T7/1040)+exp(—4160/T)]  200-400

949 1+ NO, + M — INO, + M 3.0%107% [N,] (ko) +0.2 3.0x107°Y(77300)"" [N,] 200-400 An=x1
6.6x107" (kx) +03 6.6x1071 200-400 Alog k=+0.3
F.=0.63 F =[exp(—T7650)+exp(—2600/T)]  200-400

950 1+ NO; — 10 + NO, No recommendation (see data sheet)

951 I, + NO; — I + IONO, 1.5%10712 +03

951 HO + HI - H.O + 1 3.0xi107!" +03

951 HO + I, - HOL + 1 1.8x107' +0.3

952 HO + CH,l — H,0 + CH,l 721071 *+0.5 3.1X107 Zexp(—1120/T) 270-430 +500

952 HO + CF,l — products <4x10™*

953 NO; + HI - HNO,; + 1 No recommendation (see data sheet)

953 10 + HO, — HOI + O, 1.0x107'° +03

954 10 + 10 — products 5.2x107" +0.3 1.7% 107 2 exp(1020/T) 250-373 +500

954 10 + NO - 1 + NO, 22%107" +03 7.3%10™ " exp(330/7) 200--400 +150

955 10 + NO, + M — IONO, + M 7.7%107% [N,] (ko) +0.3 7.7x1073(71300) % [N,] 250-350 An=%2
1.6x107" (ke ) 0.3 1.6x107 " 250-350 Alog k=x0.3
F.=0.4

956 10 + CH,SCH, — products 1.2x10" " *0.5

957 INO + INO — 1, + 2NO 1.3x10°" *+04 8.4% 107" exp(—2620/T) 300-450 *600

957 INO, + INO, — I, + 2NO, 47%1071 +0.5 2.9%10™ ! exp(—2600/7) 298-400 + 1000

957 CH,IO, + CH,I0, — CH,IOH + HCOI + O, \ )

— 2CH,I0 + O, No recommendation (sce data sheet)

958 HOI + hv — products See data sheet

958 10 + hv — products See data sheet

959 INO + hv — products See data sheet

960 INO, + hv — products See data sheet

960 IONO, + hv — products See data sheet

961 CH;l + hv — products See data sheet

962 CF,l + hv — products See data sheet

*See data sheets in TUPAC (1992) [J. Phys. Chem. Ref. Data 21, 1125 (1992)].
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EVALUATED KINETIC, PHOTOCHEMICAL AND HETEROGENEOUS DATA 545

TaBLE 2. (b) Heterogeneous Reactions—Summary of Reactions.

Number Reaction

Uptake Kinetics with Chemical Reaction

B N,Os + H,0 — 2HNO; (including uptake studies) See data sheets
[$18Y N,O5 + HCl — HNO; + NO,CI See data sheets
uhb N,O5 + HBr — BrONO + HNO, ) See data sheets
R N,0Os + NaCl — CINQO, + NaNO; See data sheets
o CIONO, + H,0 — HOCI + HNO; (including uptake studies) See data sheets
75 CIONO, + HCl — Cl, + HNO;3 See data sheets
w7 CIONO, + HBr — BrCl + HNO; See data sheets
w7l CIONO, + HF — products See data sheets
HRO CIONO, + NaCl — Cl, + NaNO; See data sheets
bYEO HOCI + HC1 — Cl, + H,0 See data sheets
LR BrONO, + H,0 — HOBr + HNO, See data sheets
DR2 BrONO, + HCl — BrCl + HNO, See data sheets
WE3 HBr + Cl, — HCl + BrCl See data sheets
Y83 HOBr + HBr — Br, + H,0 See data sheets
UR3 HOBr + HCI — BrCl + H,0 R See data sheets
954 03 + Substrate (C,,,} — products (O,, CO, CO,, {C,,0}) See data sheets
g4 SO, + H,0, — H,S0, See data sheets
U8S COF, + H,0 — 2HF + CO, See data sheets
ik} CocCl, + H,0 — 2HCI + CO, See data sheets
J80 CC1;COCH + HyO —=CCLCQUH + HCI See data sheets
980 CF,COF + H,0 — CF;COOH + HF See data sheets
ug7 CF;COCl + H,0 — CF;COOH + HCl See data sheets
Ry NO,/N,0, + Substrate (amorphous Carbon, NaCl) — products See data sheets
Uptake Kinetics without Chemical Reaction
988 HO, + Substrate (Si0,, H,O aerosol) See data sheets
989 OH + Substrate (H,0, SiO,, H,S0,) See data sheets
990 H,0 + Substrate (water ice, NAT, NaCl) See data sheets
991 HCI + Substrate (water ice, NAT, H,SO,/H,0, NaCl) See data sheets
993 HOCI + Substrate (water ice) See data sheets
994 HBr + Substrate (water ice, NAT) See data sheets
994 HOBr + Substrate (Pyrex, water ice, H,SO,/H,0) See data sheets
995 HNO; + Substrate (water ice, water droplets, H,SO, /H,0, salt surfaces) See data sheets
997 HONO + Substrate (water droplets and liquid jet) See data sheets
998 NO + Substrate (water ice, 70% H,S0,-H,0-ice) See data sheets
999 NO, + Substrate (water ice and droplets, 70% H,SO4-H,0-ice) See data sheets
999 CH;CO(0),NO, (PAN) + Substrate (water jet) See data sheets
1000 NH; + Substrate (liquid water jet, water droplets) See data sheets
1000 O3 + Substrate (water ice, liquid, NAT, Pyrex) See data sheets
1001 Cl, + Substrate (water ice) See data sheets
1001 CIO + Substrate (water ice, H,SO4-H,0, NAT, Pyrex) See data sheets
1002 Cl + Substrate (SiO,, H,S0,-H,0, Teflon) See data sheets
1003 Br + Substrate (Tefion) See data sheets
1003 SO, + Substrate (water droplets and jet) See data sheets
1004 H,0, + Substrate (water droplets) See data sheets
1005 CH,COCH; + Substrate (water droplets) See data sheets
1005 H,CO + Substrate (water droplets, H,SO,/H,O solution) See data sheets
1006 CH,CHO + Substrate (water droplets) See data sheets
1006 CHBr; + Substrate (water ice, H,SO,) See data sheets
1006 CH;OH + Substrate (water droplets) See data sheets
1006 C,HsOH + Substrate (water droplets) See data sheets
1006 1-C;H,0H + Substrate (water droplets) See data sheets
1006 2-C;H,0H + Substrate (water droplets) See data sheets
1006 CH;C(CH;3)(OH)CH; + Substrate (water droplets) See data sheets
1006 CICH,CH,0H + Substrate (water droplets) See data sheets
1006 BrCH,CH,0H + Substrate (water droplets) See data sheets
1006 ICH,CH,0H + Substrate (water droplets) See data sheets
1006 HOCH,CH,OH + Substrate (water droplets) See data sheets
1007 HCOOH + Substrate (water droplets) See data sheets
1007 CH;COOH + Substrate (water droplets) See data sheets
1008 CC1;COOH + Substrate (water droplets) See data sheets
1008 CCL,HCOOH + Substrate (water droplets) See data sheets
1008 CCIH,COOH + Substrate (water droplets) See data sheets
1008 CF,CICOOH + Substrate (water droplets) See data sheets
1008 CF;COOH + Substrate (water droplets) See data sheets
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3. Guide to the Data Sheets
3.1. Gas-Phase Reactions

The data sheets are principally of two types: (i) those for
individual thermal reactions and (ii) those for the individual
photochemical reactions. We also include a few composite
data sheets consisting of a group of analogous reactions usu-
ally studied by a common technique.

3.1.1. Thermal Reactions

The data sheets begin with a statement of the reactions
including all pathways which arc considcred fcasiblc. This is
followed by the corresponding enthalpy changes at 298 K,
calculated from the enthalpies of formation summarized in
Appendix 1.

The available kinetic data on the reactions are summarized
under three headings: (i) absolute rate coefficients, (i) rela-
tive rate coefficients, and (iii) reviews and evaluations. Un-
der headings (i) and (ii), we list new data which have been
published since the last IUPAC evaluation.” Under heading
(iii) are listed the preferred rate data from the most recently
published NASA cvaluation available at the date of submis-
sion of this evaluation and our own TUPAC evaluations, to-
gether with data from any new review or evaluation source.
Under all three of the headings ahave, the data are presented
as absolute rate coefficients. If the temperature coefficient
has been measured, the results are given in a temperature-
dependent form over a stated range of temperatures. For bi-
molecular reactions, the temperature dependence is usually
expressed in the normal Arrhenius form, k=A exp(—B/T),
where B=E/R. For a few bimolecular reactions, we have
listed temperature dependences in the alternative form, &
=A'T™ or CT" exp(—D/T), where the original authors
have found this to give a better fit to their data. For pressure-
dependent combination and dissociation reactions, the non-
Arrhenius temperature dependence is used. This is discussed
more fully in a subsequent section of the Introduction.

Single temperature data are presented as such and wher-
ever possible the rate coefficient at, or close to, 298 K is
quoted directly as measured by the original authors. This
means that the listed rate coefficient at 298 K may differ
slightly from that calculated from the Arrhenius parameters
determined by the same authors. Rate coefficients at 298 K
marked with an asterisk indicate that the value was calcu-
lated by extrapolation of a measured temperature range
which did not include 298 K. The tables of data are supple-
mented by a series of comments summarizing the experi-
mental details. The following list of abbreviations, relating to
experimental techniques, is used mainly in the comments
section:

EPR - electron paramagnetic resonance

FTIR - Fourier transform infrared

GC - gas chromatography/gas chromatographic
HPLC - high performance liquid chromatography
IR - infrared

LIF - laser induced fluorescence
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LMR - laser magnetic resonance
MS - mass spectrometry/mass spectrometric
UV - ultraviolet

For measurements of relative rate coefficients, wherever
possible the comments contain the actual measured ratio of
rate coefficients together with the rate coefficient of the ref-
erence reaction used to calculate the absolute rate coefficient
listed in the data table. The absolute value of the rate coef-
ficient given in the table may be different from that reported
by the original author owing to a different choice of rate
coefficient of the reference reaction. Whenever possible the
reference rate data are those preferred in the present evalua-
tion.

The preferred rate coefficients are presented (i) at a tem-
perature of 298 K and (ii) in temperature-dependent form
over a stated range of temperatures.

This is followed by a statement of the error limits in log k
at 298 K and the error limits either in (E/R) or in n, for the
mean temperature in the range. Some comments on the as-
signment of errors are given later in this introduction.

The ‘‘Comments on Preferred Values’* describe how the
selection was made and give any other relevant information.
The extent of the comments depends upon the present state
of our knowledge of the particular reaction in question. The
data sheets are concluded with a list of the relevant refer-
<cncces.

3.1.2. Conventions Concerning Rate Coefficients

All of the reactions in the table are elementary processes.
Thus the rate expression is derived from a statement of the
reaction, e.g.,

A+A—B+C
—12d[A] d[B] d[C] R
o @ o Hal

Note that the stoichiometric coefficient for A, i.e., 2, appears
in the denominator before the rate of change of [A] (which is
equal 10 2k[A]) and as a power on the right-hand side.

3.1.3. Treatment of Combination and Dissociation Reactions

The rates of combination and the reverse dissociation re-
actions

A+B+M=AB+M

depend on the temperature 7, and the nature and concentra-
tion of the third body [M]. The rate coefficients of these
reactions have to be expressed in a form which is more com-
plicated than those for simple bimolecular reactions. The
combination reactions are described by a pseudo second-
order rate law

d[AB]
dt

=k[A][B]

in which the second-order rate coefficient depends on [M].
The low-pressure third-order limit is characterized by kg,
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[Mj—0

whizh is proportional to [M]. The high-pressure second-
~gler limit is characterized by k.. ,

ko= lim k(M])

[M]—ee

which is independent of [M]. For a combination reaction in
she Jow-pressure range, the summary table gives a second-
ssigder rate coefficient expressed as the product of a third-
sder rate coefficient and the third body concentration which
i expressed in molecule cm™3. The transition between the
imnd-order and the second-order range is represented by a
sidugced falloff expression of kyk.. as a function of

ko/ke =[M[M],

where the “‘center of the falloff curve’” {M]. indicates the
third-body concentration for which the extrapolated k, would
e equal to k, . The dependence of k on [M] in general is
womplicated and has to be analyzed by unimolecular rate
theory. For moderately complex molecules at not too high
teinperatures, however, a simple approximate relationship
holds:

(o Kok kol ke

rorrs L ko, TRk,

where the first factors at the right-hand side represent the
Landemann-Hinshelwood expression, and the additional
hroadening factor F, at not too high temperature, is approxi-
mately given by®®

log F,

log F& T oatko/ k)2 -

With increasing temperature, a better representation is
obtained®® by replacing [log(ky/k=)]* by [log(ke/ke )/NT*
with N={0.75—1.27 log F_}. In this way the three quantities
ky, k< , and F, characterize the falloff curve for the present
application.

Alternatively, the three quantities k., , [M]., and F, {or
ko, [M]., and F.) can be used. The temperature dependence
of F., which is sometimes significant, can be estimated by
the procedure of Troe.” The results can usually be
rcpresented9 approximately by an equation

F.=(1—a)exp(—T/T**%*)
+aexp{—T/T*)+exp(—T**/T).

Whereas the two first terms are of importance for atmo-
spheric conditions, the last term in most cases becomes rel-
evant only at much higher temperatures. In Ref. 2, for sim-
plicity a=1 and T#*=4T* was adopted. Often F,= exp(—7T/
T#) is sufficient for low temperature conditions. With
molecules of increasing complexity, additional broadening of
the falloff curves may have to be taken into account.””® For
simplicity these effects are neglected in the present evalua-

tion. An even simpler policy was chosen in Ref. 6 where a
temperature independent standard value of F.=0.6 was
adopted. :

Changes in F, would require changes in the limiting &, and
k., values. For the purpose of this evaluation, this will be
irrelevant in most cases, if the preferred k, and k.. are used
consistently together with the preferred F, values. If the se-
lected value of F, is too large, the values of ky and &,
obtained by fitting the falloff expression to the experimental
data, are underestimated.

Theoretical predictions of F, have been derived from rigid
RRKM-type models including weak collision effects.”™®
~ The dependence of k; and k. on the temperature 7 is
represented in the form:

keT™"

{except for the cases with an established energy barrier in the
potential). We have used this form of temperature depen-
dence because it often gives a better fit to the data over a
wider range of temperature than does the Arrhenius expres-
sion. The dependence of kg on the nature of the third-body M
generally is represented by the relative efficiencies of M, and
M2 .

ko(Mx)/EMlj?ko(Mz)/[Mz]

The few thermal dissociation reactions of interest in the
present application are treated by analogy with combination
reactions, with pseudo-first-order rate coefficients k([MJ).
The limiting low- and high-pressure rate coefficients ex-
pressed in units of s™! are denoted in the tables by the sym-
bols (ky/s ™) and (k./s™!). F, is the same in combination and
dissociation reactions.

3.1.4. Photochemical Reactions

The data sheets begin with a list of feasible primary pho-
tochemical transitions for wavelengths usually down to 170
nm, along with the corresponding enthalpy changes at 0 K
where possible or alternatively at 298 K, calculated from the
data in Appendix 1. Calculated threshold wavelengths corre-
sponding to these enthalpy changes are also listed, bearing in
mind that the values calculated from the enthalpy changes at
298 K are not true ‘‘threshold values.”

This is followed by tables summarizing the available ex-
perimental data on (i) absorption cross-sections and (ii)
quantum yields. These data are supplemented by a series of
comments.

The next table lists the preferred absorption cross-section
data and the preferred quantum yields at appropriate wave-
length intervals. For absorption cross-sections the intervals
are usually 1, 5, or 10 nm. Any temperature dependence of
the absorption cross-sections is also given where possible.
The aim in presenting these preferred data is to provide a
basis for calculating atmospheric photolysis rates. For ab-
sorption continua the temperature dependence is often repre-
sented by Sulzer-Wieland type expressions.'°
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The comments again describe how the preferred data were
selected and include other relevant points. The photochemi-
cal data sheets are also concluded with a list of references.

In this evaluation we have provided data sheets for all of
the photochemical reactions listed in the Summary Table and
not just those for which new data have become available
since our last evaluation.

3.1.5. Conventions Concerning Absorption Cross-Sections

These are presented in the data sheets as ‘‘absorption
cross-sections per molecule, base e.”” They are defined ac-
cording to the equations

Vlg=exp(— o[N]),
o={1/([N1D)}in(Iy 1),

where ] and I are the incident and transmitted light intensi-
ties, o is the absorption cross-section per molecule (ex-
pressed in this paper in units of cm?), [N] is the number
concentration of absorber (expressed in molecule cm_3), and
[ is the path length (expressed in cm). Other definitions and
units are frequently quoted. The closely related quantities
‘‘absorption coefficient’” and ‘‘extinction coefficient’” are
often used, but care must be taken to avoid confusion in their
definition; it is always necessary to know the units of con-
centration and of path length and the type of logarithm (base
e or base 10) corresponding to the definition. To convert an
absorption cross-section to the equivalent Naperian (base ¢)
absorption coefficient of a gas at a pressure of one standard
atmosphere and temperature of 273 K (expressed in cm™}),
multiply the value of ¢ in cm? by 2.69X 10"

3.1.6. Assignment of Errors

Under the heading ‘‘reliability,”” estimates have been
made of the absolute accuracies of the preferred values of k
at 298 K and of the preferred values of E/R over the quoted
temperature range. The accuracy of the preferred rate coef-
ficient at 298 K is quoted as the term Alog k, where Alog k
=D and D is defined by the equation, log,q k=C=* D. This is
equivalent to the statement that k is uncertain to a factor of F,
where D=logoF. The accuracy of the preferred value of E/R
is quoted as the term A(FE/R), where A(E/R)=G and G is
defined by the equation E/R=H=*G.

For second-order rate coefficients listed in this evaluation,
an estimate of the uncertainty at any given temperature
within the recommended temperature range may be obtained
from the equation:

AE[1 1

Alog k(T)=Alog k(298)+0.4343exp -E-( T 298)l
(note that the exponent in this equation is an absolute value).

The assignment of these absolute error limits in k and E/R
is a subjective assessment of the evaluators. Experience
shows that for rate measurements of atomic and free radical
reactions in the gas phase, the precision of the measurement,
i.e., the reproducibility, is usually good. Thus, for single
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studies of a particular reaction involving one technique, stan-
dard deviations, or even 90% confidence limits, of £10% or
less are frequently reported in the literature. Unfortunately.
when evaluators come to compare data for the same reaction
studied by more than one group of investigators and involv-
ing different techniques, the rate coefficients often differ by a
factor of 2 or even more. This can only mean that one or
more of the studies has involved large systematic errors
which are difficult to detect. This is hardly surprising since,
unlike molecular reactions, it is not always possible to study
atomic and free radical reactions in isolation, and conse-
quently mechanistic and other difficulties frequently arise.

The arbitrary assignment of errors made here is based
mainly on our state of knowledge of a particular reaction
which is dependent upon factors such as the number of in-
dependent investigations made and the number of different
techniques used. On the whole, our assessment of error limits
errs towards the cautious side. Thus, in the case where a rate
coefficient has been measured by a single investigation using
one particular technique and is unconfirmed by independent
work, we suggest that minimum error limits of a factor of 2
are appropriate.

In contrast with thc usual situation for the ratc cocfficients
of thermal reactions, where intercomparison of results of a
number of independent studies permits a realistic assessment
of reliability, for many photochemical processes there is a
scarcity of apparent reliable data. Thus, we do not feel jus-
tified at present in assigning error limits to the parameters
reported for the photochemical reactions.

3.2. Heterogeneous Reactions

The data sheets contain six columns listing (i) the type of
uptake coefficient which has been measured, (ii) the value of
the reported uptake coefficient with the observed error limits,
(iii) the nature of the condensed phase with specific experi-
mental conditions where appropriate, (iv) the temperature of
the experiments, (v) the literature reference, and (vi) the ref-
erence to the Comments on the experimental techniques.

The Comments are written to enable the reader to obtain
an impression of the experimental variables of the complex
kinetic systems in question. These brief experimental de-
scriptions are also intended to facilitate the comparison of
results obtained using different kinetic techniques.

Where possible under the heading Preferred Values is
given a summary of the conclusions we have reached regard-
ing the values of the uptake coefficients for any given reac-
tion.

In reviewing the literature on heterogeneous reactions rel-
evant to atmospheric chemistry, we have disregarded some
early work which is not in line with more recent findings as
well as early work involving the same techniques on reac-
tions for which no recent data are available.
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4. Gas-Phase Reactions—Data Sheets

4.1. Oxygen Species

0+0,+M—0;+M

AH°=—106.5 kI-mol~}

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko=5.6%X1073* (77300) 2% [N,] em® molecule™! 7! over
the temperature range 100-300 K.

ko=6.0x1073* (7/300) "% [0,] cm® molecule™ s™! over
the temperature range 100-300 K.

Reliability
Alog ky==0.05 at 298 K.
An=%0.5.

Comments on Preferred Values

The results from Ref. 1, obtained over extended tempera-
ture ranges, confirm the large negative values of n and also
confirm earlier absolute values of &, at 298 K. The value of
is probably similar for N, and Q,, as for the reaction
Cl+0,+M—CIOO+M also studied at low temperatures

(see this evaluation), and governed by a radical-complex
mechanism. These preferred values are identical to those in
our previous evaluation, JUPAC, 1992.7

Comments on High-pressure Rate Coefficients and Falloff
Range :

The experiments from Ref. 1 under low temperature and
high pressure conditions indicate anomatous falloff behavior
different from the formalism described in the Introduction.
These effects are not relevant for atmospheric conditions
such that they are not included in this evaluation.

References

Iy, Hippler, R. Rahn, and J. Troe, J. Chem. Phys. 93, 6560 (1990).
2IUPAC, Supplement 1V, 1992 (see references in Introduction).

O+03‘—>202

AH°=-391.9 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=8.0X10"" cm® molecule™! s™! at 298 K.
k=8.0X1072 exp(—2060/T) cm® molecule™! s~ over the
temperature range 200—400 K.

Reliability
Alog k=%0.08 at 298 K.
A(E/R)=%+200 K.

Comments on Preferred Values

The study of Wine ez al.! yields values of k in close agree-
ment with those from other studies over the whole tempera-
ture range covered. Our recommendations are based on the
least-squares expression obtained by Wine ez al.! from a fit
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of their own data plus those of McCrumb and Kaufman,?
Davis et al.,> West ef al.* and Amold and Comes.> The pre-
ferred values are identical to our previous evaluation,
IUPAC, 1992.°

References

P H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, J.
Phys. Chem. 87, 3948 (1983).

2]. L. McCrumb and F. Kaufman, J. Chem. Phys. 57, 1270 (1972).

*D. D. Davis, W. Wong, and J. Lephardt, Chem. Phys. Lett. 22, 273
(1973).

4G. A. West, R. E. Weston, Jr., and G. W. Flynn, Chem. Phys. Lett. 56, 429
(1978).

- 51. Amold and F. J. Comes, Chem. Phys. 42, 231 (1979).

STUPAC, Supplement IV, 1992 (see references in Introduction).
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O('D) + 0, — OCP) + O('S]) (1)
— OCP) + 05('Ag) (2)
— OCP) + 0,(°%3) (3)

AH(1)='=328 KI-mol”™!
' {2)==954 KJ-mol™'

CAN(3)=—189.7 KI-mol ™’

Rate coefficient data (k= ky + ko + k3)

No new data have been published since our last evaluation.

Preferred Values

k=4.0x107" cm® molecule ™! s7! at 298 K.
k=3.2%x107H exp(67/T) cm® molecule™! s™! over the
- temperature range 200-350 K.
ky/k=0.8 at 298 K.
K+/k=0.05 at 298 K.

Reliability
“Alog k—=0.05 at 208 K.
A(E/R)=%100 K.
“Alog(k,/k)==0.1 at 298 K.

= {lomments on Preferred Values
This data sheet is reproduced from our previous evalua-
~dion, CODATA, - 1982." The earlier controversy between
‘measurements using O('D) emission at 630 nm and absorp-
~tton at 115 nm now appears to be resolved, since OCP) atom
detection by absorption at 130 nm and fluorescence support
the O('D) emission results. Apparently the y-value in the

Lambert-Beer law used for the O(*D) absorption results was
too small. The preferred 298 K rate coefficient is the average
of the results from Amimoto et al.,2 Brock and Watson,3 Lee
and Slanger,* and Streit ef al’ The branching. ratios of Lee
and Slanger* and Gauthier and Snelling® are recommended.

The preferred values are identical to our previous evaluation,
IUPAC, 1992.

References

LCODATA, Supplement I, 1982 (see references in Introduction).

28. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfeld, J.
Chem. Phys. 71, 3640 (1979).

3J.-C. Brock and R. T. Watson, Reported at the NATO Advanced Study
Institute on Atmospheric Ozone, Portugal (1979). See also G. K. Moortgat
in Report No. FAA-EE.80-20 (1980). ‘

41L.C. Lee and T. G. Slanger, Geophys. Res. Lett. 6, 165 (1979).

5G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. L.
Schiff, I. Chem. Phys. 65, 4761 (1976).

SM. Gauthier and D. R. Snelling, J. Chem. Phys. 54, 4317 (1971).

"IUPAC, Supplement IV, 1992 (see references in Introduction).

o('D) + O3 — 0, + 20(°P) . (1)

— O(P) + O, ()]
— 20,('Ay) &)
- 0y('35) + 0,(°%;)  (4)
— 20,(%27) (5)

AH°(1)=—83.2 kI-mol ™~}

AH%(2)=-189.7 XJ-mol™!
AH3)= 393.0 kKI-mol~!
AMH®(4)=—424.7 XJ-mol™!
AH°(5)=—581.6 kI-mo}~"

Rate coefficient data (k= ky+ ko + k3 + k;+ ks)

No new data have been published since our last evaluation.

Preferred Values

k=2.4%10""° cm® molecule™ s—l, independém of tem-
- perature over the range 100—400 K.
ki/k=ks/k=0.5 at 298 K.

Reliability
"~ Alog k== 0.05 over the temperature range 100-400 K.
Alog k/k=Alog ks/k== 0.1 at 298 K.
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Comments on Preferred Values

This data sheet is reproduced from our previous evalua-
tion, CODATA, 1984." The measurement of the rate coeffi-
cient k at 298 K by Greenblatt and Wiesenfeld” is in excel-
lent agreement with our earlier recommendation.® The
determination of k;/ks by Cobos et al.* is rather indirect, but
provides further evidence that ky=~ks;. Our previous
recommendations’>” are unchanged.

References

'CODATA, Supplement 11, 1984 (see references in Introduction).

2G. D. Greenblatt and J. R. Wiesenfeld, J. Chem. Phys. 78, 4924 (1983).

3CODATA, Supplement I, 1982 (see references in Introduction).

4C. Cobos, E. Castellano, and H. J. Schumacher, J. Photochem. 21, 291
(1983).

STUPAC, Supplement IV, 1992 (see references in Introduction).

02*+03—90+202

Comments

These comments are reproduced from our previous evalu-
ation, JUPAC, 1992. Arnold and Comes®* have studied this
reaction of vibrationally excited oxygen molecules in the
ground electronic state’ with ozone and they report a rate
coefficient of 2.8X107'> cm® molecule™ s at 298 K. The
vibrationally excited oxygen molecules were produced in the
reaction of O('D) atoms with O following the UV photoly-
sis of ozone. This is the only reported study of this rate

coefficient, and we make no recommendation. For further
discussion the reader is referred to the review by Steinfeld
et al*

References

'TUPAC, Supplement 1V, 1992 (see references in Introduction).

21. Amold and F. J. Comes, Chem. Phys. 47, 125 (1980).

3]. Amold and F. J. Comes, J. Mol. Struct. 61, 223 (1980).

4], 1. Steinfeld, S. M. Adler-Golden, and J. W. Gallagher, J. Phys. Chem
Ref. Data 16, 911 (1987).

0,(Zg.v) + M - 0,3 ,v) + M

Rate coefficient data

kfcm® molecule™! 57 M v Temp./K Reference Comment
Absolute Rate Coefficients
(4.7£0.3)x107% 0, 19 295 Price et al., 1993’ (@
(3.2x0.3)x107% 20
(5.8£1.2)x10°% 21
(5.4=0.8)x107 1 22
(1.220.4)x1071 23
(0.840.04) <1074 24
(1.8£0.05)x 10~ 25
4.7£0.2)x1074 26
(23+0.1)x107 0, 19 460
(3.1=0.08)x10~" 20
(2.220.9)x1071 21
(3.7£0.3)x107 22
(4.120.6)x10™* 23
(6.920.5)x10714 24
(11.7%0.2)x 107 25
(16.4+2)x10™ 26
>8.3%x107M 27
>12x1071 28
6.5x10"1 0, 8 300 Park and Slanger, 19942 (b)
>1.3%x1071 He 22
(1.53+0.25)x10™"! 0, 22
Zx10 2 Cu, 14
9x 1071 2
Ccomments 0O, molecules were formed by ozone photodissociati

(a) Vibrationally highly excited electronic ground state
O, molecules were generated by stimulated emission
pumping, and detected by LIF.

(b) Vibrationally highly excited electronic ground state

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

at 248 nm (Hartley band). The excited molecules we
detected by LIF. Rate coefficients were evaluated usi
a cascade model, in which relaxation through sing
quantum V-V and V-T steps was assumed.



EVALUATED KINETIC, PHOTOCHEMICAL AND HETEROGENEOUS DATA 553

Preferred Values

5ee table.

Keliability
Alog k=%0.5.

{'smments on Preferred Values

‘The results given from Ref. 1 and more results presented
&5 praphical form from Ref. 2 appear consistent with each
e,

References

1J. M. Price, J. A. Mack, C. A. Rogaski, and A. M. Wodtke, Chem. Phys.
175, 83 (1993).
2H. Park and T. G. Slanger, J. Chem. Phys. 100, 287 (1994).

02(1Ag) + M b d 02(325) + M

Ail"s —94.3 kJ-mol™!

Rate Coefficient Data

No new data have been published since our last evaluation.

Preferred Values

k=1.6Xx107'% cm® molecule™! s7! for M=0, at 298 K.
k=3.0x10"" exp(—200/T) cm® molecule™ s~ for M
© =0, over the temperature range 100-450 K.
k=1.4%107"° ecm® molecule™! s™! for M=N, at 298 K.
k=5%x10"" cm® motecule™ s™! for M=H,0 at 298 K.
k=2X107% cm® molecule ™! 57! for M=CO, at 298 K.

Keliubility
Alog k==*0.2 for M=0, at 298 K.
A(E/Ry=%*200 K for M=0,.
Alog k==*0.3 for M=H,0 at 298 K.

{“omments on Preferred Values
The preferred value of k(M=0,) is based on the results of
Raja et al.,! Billington and Borrell,” Borrell et al.” and Leiss

et al® The temperature dependence of Billington and
Borrell? is adopted in this evaluation. The previous CO-
DATA recommendations® for M=N,, H,O and CO, are un-
changed. The preferred values are identical to our previous
evaluation, JUPAC, 1992.°

References

IN. Raja, P. K. Arora, and J. P. S. Chatha, Int. J. Chem. Kinet. 18, 505
(1986).

2A. P. Billington and P. Borrell, J. Chem. Soc. Faraday Trans. 2, 82, 963
(1986).

3P. Borrell, P. M. Borrell, and M. B. Pedley, Chem. Phys. Lett. 51, 300
(1977).

4A. Leiss, U. Schurath, K. H. Becker, and E. H. Fink, I. Photochem. 8, 211
(1978).

SCODATA, Supplement II, 1984 (see references in Introduction).

°TUPAC, Supplement IV, 1992 (see references in Introduction).

02(1Ag) + 03 s 202 + 0

A11"=12.2 KI-mol™!

Rate coefficient data

No new data have been published since our last evaluation.

Preferred Values

k=3.8X107"5 cm® molecule™* s™! at 298 K.
k=5.2x10""! exp(—2840/T) cm® molecule ™! s™! over the
temperature range 280-360 K.

Reliability
Alog k==*0.10 at 298 K.
A(E/R)==%=500 K.
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Comments on Preferred Values

Whereas there is good agreement on the room temperature
value, the temperature coefficient appears less certain. In
view of the consistency of the results from Ref. 1, which
were obtained by two completely different techniques, we
favor their temperature coefficient over that from Ref. 2. The
preferred values of our previous evaluation are unchanged.?

References

'K. H. Becker, W. Groth, and U. Schurath, Chem. Phys. Lett. 14, 4%
(1972).

2F. D. Findlay and D. R. Snelling, J. Chem. Phys. 54, 2750 (1971).

3CODATA, Supplement 1, 1982 (see references in Introduction).

0,('E) + M= 0,(%) + M (1)
= 0,('Ag) + M (2)

AH°(1)=—156.9 kJ-mol™!
AH®(2)=—62.6 kJ-mol™!

Rate coefficient data (k=k;+k;)

kicm® molecule™! s! M Temp./K Reference Comments
Absolute Rate Coefficients .
5.6X10- Y7 O, 302 Knickelbein er al., 1987 (a)
<1.0%x107% 0, 208 Shi and Barker, 19907 (b)
{22+02)x107" N, 298 Wildt et al., 1988° (©)
(2.32+0.14)x107% N, 298 Shi and Barker, 1990° (b)
(6.0+0.3)x107*2 H,0 298 Shi and Barker, 1990° ®)
(2.40.4)x10713 Co, 298 Wildt et al., 1988° (c)
(4.0£0.1)x107" CO, 298 Shi and Barker, 1990° (b)
Reviews and Evaluations
4.0x1071 0, 298 IUPAC, 1989* (@)
2.0x107% N, 200-350 (e)
8.0x107 0oC¢P) 298 )
4.0x1071? H,0 298 (2
4.1x1071 Co, 245-360 (h)
3.9x107"7 0, 298 NASA, 1994° ()
2.1x10715 N, 200-300 @
8x107H oCP) 298 &)
5.4x10712 H,0 208 m
4.2x10713 CO, 200-300 {m)
Comments et al.,”® Noxon,'* Davidson eral,”® Avilés eral.,'
@ 0.5 i oo ) Muller and Houston,17 Borrell etal,'® and
A, 2(2; ) was generated hy excitation of O, with a tun- Boodaghians e/ al19

(b)

(c)

(d)
(e)
(f)

(g)
(h)

able alexandrite laser at 760 nm, and detected by mea-
suring the fluorescence emission at 860 nm.

0,('Sf) was generated by the reaction
O('D) + 0, — O + Oy('Y)), with O('D) atoms
being formed by photolysis of O3/0, mixtures at 308
nm. Rate coefficients were measured by detecting the
decay of 02(12;) at 762 nm.

OQ(]EQ ) was formed by direct laser excitation of O, at
600—-800 nm, and detected by fluorescence at 600-900
and 1270 nm.

Based on the data of Thomas and Thrush,® Martin
et al.,’ Lawton et al.,® and Chatha er al’®

Based on the data of Kohse-Hoinghaus and Stuhl,'°
Martin ef al.,” Chatha er al.,” and Choo and Leu."!
Value of Slanger and Black.'”

Value of Thomas and Thrush.®

Based on the results of Choo and Leu,“ Filseth

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

@)
G

(k)
)

(m)

k=

Based on the data of Martin et al.,” Lawton ez al.,8 and
Lawton and Phelps. *°

Based an the data of Tzod and \Wayne,21 Stuhl and
Welge,? Filseth et al,’® Martin eral,’” Kohse-
Hoinghaus and Stuhl,'® Choo and Leu,'! Wildt ez al.,’
and Shi and Barker.’

Based on the data of Slanger and Black."”

Based on the data of Stuhl and Niki,?® Filseth ef al.,”
Wildt ez al.,> and Shi and Barker.”

Based on the data of Filseth et al.,'* Davidson et al.,””
Aviles et al.,16 Muller and Houston,17 Choo and Leu, !
Wildt er al.,> and Shi and Barker.?

Preferred Values

4.0%107"7 cm® molecule ™! s7! for M=0, at 298 K.

k=2.0x10"" cm® molecule™! s~!' for M=N, over the

temperature range 200-350 K.
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e 5.0x 107 cm? molecule™! s~! for M=O(P) at 298

f?,,‘OX 10712 em® molecule™! s7! for M=H,;0 at 298
4:1%107** cm® molecule™" ™" for M=CO, over the
'.u:mpe_r_ature range 245-360 K.

E }é;fimlnluy
“Alog k=%0.3 for M=0,, OCP), H,0 at 298 K.
Alog k==%0.10 for M=N,, CO, at 298 K.
;L-im): =200 K for M=N,, CO;.

L& n:rmu’ms on Preferred Values

' ““I'he tesults of the recent studies of Knickelbein et al., 1 Shi
sl Barker;? and Wildt er al.3 are in generally good agree-
fent with those of our earlier evaluation. Thus, no changes

are recommended. However, it has to be noted that Wildt

&t al* and Knickelbein ez al.” report yields of O,('A,) for-

anation, k./k, which are greater than 0.9 and close to unity,
wEpectively.
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0.('=;) + 03—+ 20, + O (1)

—0,('Ag) + 03 (2)
—0,(%%g) + 0; (3)

ANU(1Y=-50.4 kJ-mol ™!
- AN(2)=-62.6KkI-mol™"
AH(3)=—156.9Kk]-mol”!

Rate coefficient data (k=k;+ky+ k)

kiem®.molecule™! 571 Temp./K

Reference Comments
Ahsolute Rate Coefficients
(1:96+0.09)x10™" 300 Shi and Barker, 1990* (a)
(2:06:0.22)x107 ! 300 Turnipseed et al., 19912 (b)
Keviews and-Evaluations
22x1071 295-360 IUPAC, 1989 ()
ky=15%x10"1 298
22%10™1 200-300 NASA, 1994* d)
Comments fluorescence. Rate coefficients for the global reaction
1 + - . .
(a) 02( IS5 was generate d by the reaction of O,('%,) with O3 were derived by modeling.

o( D) + 0, — 0 + Oy 2+) with O('D) being
formed by photolysis of 03/02 mixtures at 308 nm.
Rate coefficients were measured by detecting the decay
of 02(12;' } at 762 nm.

(b) -Laser flash photolysis study of O, at 193 and 222 nm.
Measurements of quantum yields for the formation of
O(D) and O(P) were by time-resolved resonance

(c) Based on the rate coefficients reported in Refs. 5-10.
(d) Based on the data of Refs. 1, 2, and 5-10.
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Preferred Values

k=2.2x10""" cm® molecule ™! s7!, independent of tem-
perature over the range 295-360 K.
k;=1.5%10""" cm® molecule™ s7 at 298 K.

Reliability
Alog k=%0.06 at 298 K.
Alog k;==0.10 at 298 K.
A(E/R)=+%300 K.

Comments on Preferred Values

The two more recent studies' are in very good agreement
with the previous evaluations®!"!? at room temperature. The
preferred values from our earlier evalvations remain
unchanged.>'!!? Channel 1 accounts for 70+20% of the to-
tal reaction.”®
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O, + hv — products

Primary photochemical transitions

Reaction AH°/k]-mol ™! Ninreshord/ MM
0, + hv — OCP) + OCP) 494 242

— 0CP) + O('D) 683 175

— O('D) + O('D) 873 137

— OCP) + O('S) 898 132

Absorption cross-section data

‘Wavelengih Counnent
range/nm Reference
180-195 Yoshino et al., 1992} (a)

Comments

(a) Absorption cross-sections of the Schumann-Runge
bands (1,0)-(12,0) in the window region between the rota-
tional lines were measured over the pressure range 1.8—1000
mbar O,, allowing the pressure-dependent absorption to be
separated from the main cross-sections. The resulting
Herzberg continuum sections below 200 nm are significantly
smaller than any previous measurements.
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Preferred Values

Absorption cross-section of O, in the 205-240 nm region of the
Herzberg continuum

A/nm 10*g/em? Nnm 10%o/cm?
205 7.35 223 3.89
207 7.05 225 345
209 - 6.68 227 2.98
211 6.24 229 2.63
213 5.89 231 2.25
215 5.59 233 1.94
217 5.13 235 1.63
219 4.64 237 1.34
221 4.26 239 1.10

240 1.01
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{‘omments on Preferred Values

The recommended absorption cross-section values for the
Herzberg continuum are taken from the study of Yoshino
# 4l.,* where values are tabulated for every nm from 205—
- 240 nm. These values were derived from an analysis and
erynbination of the data of Cheung ef al.® and Jenouvrier
#1 al.’ They are in agreement with the results of Johnston
¢ al.” They are consistent with the lower absorption cross-
segtion values inferred from balloon-borne measurements of
solur irradiance attenuation in the stratosphere by Frederick
and Mentall,® Herman and Mentall,” and Anderson and
Hall® Herzberg continuum cross-section values under the
4R bands (<200 nm) have recently been determined more
sccurately by Yoshino ef al.! and are significantly smaller
than any previous values.

In the Schumann-Runge wavelength region (175-200
nm), a detailed analysis of the penetration of solar radiation
sequires absorption cross-section measurements with very
high spectral resolution. Absorption cross-section values for
the (0, 0)-(12, 0) S-R bands measured by the Harvard-
Smithsonian group'®~!7 are the first set of values which are
independent of instrumental width. Band oscillator strengths
for these bands have been determined by direct numerical
ymegration of these absolute cross-section values. Min-
schwaner ef al.'®1° have fitted O, cross-sections for the fre-
quency range 49000-57000 cm™! (175-204 nm) with tem-
perature dependent polynomial expressions for 130-500 K
using the latest laboratory spectroscopic data. This model
provides an efficient and accurate means of determining S-R
bund absorption cross-sections at 0.5 cm™! resolution. These
high resolution calculated values differ from the WMO? rec-
ommendations by up to 10-20% at some wavelengths.
Mcan-band parameterizations of O, absorption in the S-R
bands for calculating UV transmission and photolysis rates
have been presented by Murtagh®! and by Nicolet and
Kennes.??

The effect on ozone formation in the 214 nm photolysis of
oxygen due to O,-O, collision pairs at high O, pressure and
the effect of high N, pressure have been studied by Horowitz
¢t al.” Greenblatt et al.?* studied the absorption spectrum of
0, and 0,-O, collision pairs over the wavelength range 330

—1140 nm for O, pressures from 1 to 55 bar at 298 K. Band
centers, band widths, and absorption cross-sections were re-
ported for the absorption features in this wavelength region.
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O; + hv — products

Primary photochemical processes

Reaction AH°/kJ-mol ™! A thresholg/ NI

0;+hv—-0CP) + 0,C2) (1) 101 1180
—0CP) + 0,(8) (2 196 611
—0CP) + 0,('5))  (3) 258 ' 463
—0(D) + 0,2, (4 291 411
—0('D) + 0,4y  (5) " 386 310
—0('D) + 0,('Z7)  (6) 448 267
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Absorption cross-section data

Wavelength range/nm Reference Comment
195-345 Daumont et al., 1992' (a)
195-345 Brion ez al., 1993% (b)
185-254 Yoshino e? al., 19933 (c)
410-760 Burkholder and Talukdar, 1994* (d)

Quantum yield data

Measurement A/nm Reference Comment
¢ [0('D)] 222 Turnipseed ez al., 1991° {e)
¢ [0('D)] 221-243.5 Cooper, Neill and Wiesenfeld, 1993° ®
¢ [0,('8)] 270-329 Rall 1 al , 1993 (©)
¢ [0('D)] 305-325 Michelsen ef al., 1991% (h)
Comments Preferred Values

(a) Measured 'at 295 K with a spectral resolution of 0.005 .56 absorption cross-sections at 273 K averaged over spec-
nm. Two independent methods were used to measure tral internals
the ozone pressure.

Int # AN/nm 10¥/cm®  Int # AN/nm 1090 /cm?

(b) Extension of study reported in Daumont ez al.! to low
temperatures, 220~295 K. 1 175.4-177.0 81.1 31 238.1-241.0 797
(c) Measured at 195, 228, and 295 K. Relative cross- g i;gg ;Zz ;355 giz'g 1288
sections measured over the range 185-254 nm were 4 1818 76.3 34 250.1 1080
normalized using absolute values measured at 12 fixed 5 1835 72.9 35 2532 1130
wavelengths in this region. 2 igg; 2§§ gg igg‘; iigg
(d) Belat1v§ values measured at 220-298 K were normal- 3 188.7 576 a8 263.2 1060
ized using absolute values reported by Anderson and 9 190.5 52.6 39 266.7 965
Mauersberger’ for five He-Ne laser wavelengths. 10 192.3 47.6 40 2703 834
. . . 11 194.2 42.8 41 274.0 692
(e) Laser photol'yms with ;1me-resolved resonan<3:e fluores- 12 196.1 383 2 2778 542
cence detection of O('P). At 222 nm @[O( P)]=0.13 13 198.0 34.7 43 2817 402
+0.02 and #[O('D)]=0.87+0.04. Results were also 14 200.0 323 44 285.7 277
reported for nm. 15 202.0 314 45 289.9 179
p 193 . . . 1 16 204.1 326 46 294.1 109
(f) Tunable dye laser photolysis with detection of O('D) 17 206.2 36.4 47 2985 62.4
by the weak 630 nm fluorescence from the spin- 18 208.3 434 48 303.0 343
forbidden 'D — P transition. Relative O('D) quantum 19 210.5 54.2 49 307.7 185
ield lized h | f 0.87+0.04 at 20 212.8 69.9 50 3125 9.8
yields were normalize tp the value 5o .87£0.04 a by 215.0 92 51 3175 50
222 nm reported by Turnipseed et al. 22 2174 119 52 3225 249
(g) Relative O,('A) quantum yields in the tunable dye la- 23 219.8 155 53 327.5 1.20
. . 24 2222 199 54 3325 0.617
ser photolysis of ozone .were dgteqnln.ed by [2+1] 25 247 s 55 3375 0.274
resonance enhanced multiphoton ionization (REMPI). 26 2273 123 56 3425 0.117
The quantum yield agrees with that recommended for 27 229.9 400 57 347.5 0.059
1 28 232.6 483 58 352.5 0.027
Of P), .exc.ept at the l'onger .wavelengths where 2 5353 579 50 257.5 0011
0,('A) is still produced with a yield of =0.10. 30 238.1 686 60 362.5 0.005

(h) Authors developed a model accounting for absorption
by vibrationally and rotationally excited ozone and, us-
ing this model to examine published measurements of
the quantum yield of O('D) production in the Huggins
band, concluded that ¢ [O('D)] has a value of 0.2-0.3
for wavelengths between 312 and 320 nm at 298 K.

o=(1147+20)X10"2%cm? at 253.7 nm
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{1:0ne absorption cross-sections in the visible spectral region

Amm 10%0/em? A/nm 10%0/cm?
410 1.2 560 394
420 22 580 459
RELT 11.2 600 511
Ay 32.8 020 400
480 68.4 640 296
S0H) 122 660 209
A0 182 680 136

540 291 700 91

Lunntum yields for O('D) production, ¢5, from O; photolysis at
$O0 K

Anm Quantum yield
290 @5=0.95
295 0.95
300 0.95
305 0.95
306 0.93
307 0.89
308 0.81
309 0.68
310 0.53
311 0.38
312 0.25
313 0.14
314 0.08
315 0.05
316 0.03
317 0.02
318 0.01
319 0.00
320 0.00

Comments on Preferred Values

Absorption cross-sections. The recommended absorption
<ross-section values at 273 K for the wavelength range 175~
i nm are averaged values for the standard spectral inter-
vals used in modeling calculations. These values have been
alopted from the NASA 1994 review,'® which accepted the
values tabulated in the WMO 1986 review,!! except for the
iepion 185-225 nm where the values were taken from the
study of Molina and Molina.'? The value recommended for
the mercury line at 253.7 nm is based on results reported by
lHearn,'* Molina and Molina'? and Mauersberger e7 al.'* The

values for the wavelength range 400—700 nm are taken from
Burkholder and Talukdar.* The spectroscopy of ozone has
been reviewed by Steinfeld, Adler-Golden and Gallagher."

Quantum yields

The quantum yicld valucs for 305-320 nm and 298 K
have been calculated from the expression for ¢s(\,T) given
in the NASA 1994 review.!® That expression is based on the
high resolution laser data of Arnold et al.,16 Brock and
Watson'” and Trolier and Wiesenfeld.'® The temperature de-
pendence is based on the xenon arc lamp-monochromator
results reporfed in Moortgat and Kudszus.”” An extensive
discussion of quantum yield data for this region and extend-
ing down to 220 nm is given in the NASA 1994 review,'® to
which the reader is referred. There it is noted that for the
wavelength region 220-280 nim the more recent studies yietd
¢5 values around 0.85-0.90, and that for the region 290-305
nm the value ¢s=0.95 is recommended.’®
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4.2, Hydrogen Species

H+HO,—-H,+0, (1)
— 2HO (2)
— H,0+0 (3)

AH°(1)=-232.6 k] -mol™*
AH°(2)=—-154.0 kl-mol™!
AH°(3)=—-225.2 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values (k=k;+ ky+ k3)

k=8.0X10"!! cm® molecule™! s~!, independent of tem-
perature over the range 245-300 K.

k;=5.6x10""? cm® molecule™! s~!, independent of tem-
perature over the range 245-300 K.

k,=7.2%107"" cm® molecule™ s~!, independent of tem-
perature over the range 245-300 K.

k3=2.4X10""? cm® molecule™! 57!, independent of tem-
perature over the range 245-300 K.

Reliability :
Alog k==0.1 over the temperature range 245-300 K.
A(E/R)=%=200 K.
Alog k;=%x0.5 over the temperature range 245-300 K.
Alog k,=*0.1 over the temperature range 245-300 K.
Alog k3=*0.5 over the temperature range 245-300 K.

Comments on Preferred Values

The study of Keyser' is the most detailed to date. Several
species were monitored and the possible effects of side reac-
tions were catelully analyzed. Values obtained for the over-
all rate coefficient and the branching ratios agree with the
values obtained by Sridharan et al.> who used a similar tech-
nique. The recommended values for k and the branching ra-
tios are the means of the values from these two studies. In

both cases k;/k was not measured directly but obtained by
difference. A direct measurement of this branching ratio is
desirable.

The yield of OZ(IE;) has been measured by Hislop and
Wayne,? Keyser et al.,* and Michelangeli er al.’ who report
values of (2.8%1.3)X10™%, <8%1073 and <2.1X1072 re-
spectively. Keyser! observed no effect of temperature on the
rate coefficient k over the small range studied. This suggests
that the value of k,=3.3x10""" ecm® molecule™ s™! at 349
K obtained by Pagsberg ez al.® is too low or there is a sub-
stantial negative temperature coefficient. We provisionally
recommend E/R=0 but only over the temperature range
245-300 K. The preferred values are identical to our previ-
ous evaluation, ITUPAC, 1992
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H+02+M—+H02+M

AH°=-203.4 kI-mol~}

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule™ 57! Temp./K Reference Comments
Absolute Rate Coefficients
(2.1£0.2)X107% [Ar] 298 Carleton, Kessler, and Marinefli, 1993’ (a)
2.9%X107% exp[(825+130)/T][N,] 298-580
3.9%10732 exp[(600= 1050)/T][H,0] 575-750
Reviews and Evaluations
6.2X10 2 (17300) " [Ny] 200-600 IUPAC, 19922 (b)
5.7%107% (77300)"* [air] 200-300 NASA, 19943 ()
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Comments

ia) Flash photolysis study. H atoms were generated by the

‘ 193 nm photolysis of H,O and H,S in excess O,, and
probed by LIF (M=H,0) or Lyman-a resonance ab-
sorption at 121.6 nm (M=Ar, N,). Typical pressures
were varied between 50-500 Torr.

i) Based on the study by Hsu ef al.,* which is in excellent
agreement with previous data from Refs. 5-8.

{y  The recommended value was an average of the mea-
surements from Refs. 4-6.

Preferred Values

kp=5.4X10732 (1/300) "% [N,] cm® molecule ™! s} over
the temperature range 200-600 K.

Reliability
Alog ky==*0.2 at 298 K.
An==0.6.

Comments on Preferred Values

We have slightly modified our previous preferred values
to account for the recent measurements from Carleton et al.!
These new data and previous measurements from Refs. 4-8
are in good agreement.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k., =7.5%10711 cm® molecule™ s}, independent of tem-
perature over the range 200-300 K.

Reliability
Alog k. =%*0.3 at 298 K.
An=%x0.6.

{‘omments on Preferred Values

Measurements in M=Ar, N,, and CH, all extrapolate to
the same limiting high pressure value. The results are from a
single study.” The preferred values of k., are identical to our
previous evaluation, IUPAC, 1992.2

Inmermediate Falloff Range

The measured broadening factor F,=0.55+0.15 at 298 K
for M=N, from Ref. 7 is in agreement with a calculated
value of F.=0.66. Representation of the measured F, by
F =exp(—T/T*) gives T*=498 K.
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O+HO—0,+H

AH°=—-70.5 kJ-mol™*

No new data have been published since our last evaluation.

Preferred Values

k=3.3%x10"" c¢m® molecule™ s~} at 298 K.
k=2.3x10"" exp(110/T) cm® molecule™! s™! over the
temperature range 220-500 K.

Reliability
Alog k==0.1 at 298 K.
A(E/R)=%100 K.

Comments on Preferred Values

The recommended temperature dependence is based on a
least-squares fit of the data of Lewis and Watson' and
Howard and Smith,2 which are in close agreement. Other
studies at ambient temperatures’™ are also in excellent
agreement with these results.!> The reaction has been the
subject of a number of theoretical studies; see TroeS and
Miller.” The preferred values are identical to our previous
evaluation, IUPAC, 1992
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O + HO,— HO + O,

AH°=-224.5 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=5.8x10""! cm® molecule™! s~ at 298 K.
k=2.7x1071" exp(224/7) cm® molecule™ s™! over the
temperature range 200-400 K.

Reliability
Alog k==*0.08 at 298 K.
A(E/R)=*+100 K.

Comments on Preferred Values

The recommended value at 298 K is the mean of values
obtained in the studies of Nicovich and Wine,' Keyser,2
Sridharan et al.,®> Ravishankara ef al.,* and Brune et al.,’ all
of which are in excellent agreement. The temperature coef-
ficient is the mean of the values obtained by Nicovich and
Wine! and Keyser,? with the pre-exponential factor being
based on this value of E/R and the recommended value of k
at 298 K. The preferred values are identical to our previous
evaluation, IUPAC, 1992.5

In the two most recent studies of the reaction mechanism,
Keyser et al.” have shown that the yield of 02(12;L ) from the
reaction is <1X1072 per HO, radical removed and Sridha-
ran et al.8 have shown, in an 130 labeling experiment, that
the reaction proceeds via formation of an HO,— %0 interme-
diate which dissociates to HO and 00 by rupture of an

0O-0 bond rather than via a four center intermediate yielding
H"®0 + 00.
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0 + H2°2 —_ HO + H02

AH®=-59.0 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=1.7X10715 cm?® molecule™! s™! at 298 K.
k=1.4x10712 exp(—2000/T) cm® molecule™" s™! over the
temperature range 250-390 K.

Reliability
Alog k=*0.3 at 298 K.
A(E/R)==*1000 K.

Commments on Preferred Values
The preferred values are based on the results of Wine
etal' and Davis ez al.? and are identical to our previous

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

evaluation, IUPAC, 1992.3 These two studies are in agree-
ment with regard to the temperature dependence of the rate
coefficient but the absolute values of k differ by a factor of 2
throughout the range. In both cases the preexponential factor
obtained is low compared with other atom-molecule reac-
tions. To obtain the preferred values the temperature coeffi-
cient is accepted and the pre-exponential factor adjusted to
obtain agreement with the recommended value of £ at 298 K,
which is the mean of the values found in the two studies.

Roscoe® has discussed earlier work on this reaction, which
was invalidated by secondary reactions affecting the mea-
surements.
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o(D)+H,—HO+H (1)
—OCP)+H, (2

AN*())=~—181.6 kI-mol™’
AH(2)=—189.7 kJ-mol !

No new data have been published since our last evaluation.

Preferred Values (k= Kkt Ky)

k=1.1%x1071% ¢cm® molecule™ s}, independent of tem-
perature over the range 200-350 K.

Reliability
Alog k==0.1 at 298 K.
A(E/R)==*100 K.

{‘omments on Preferred Values
The preferred values are the mean of the values of Wine
and Ravishankara,! Davidson efal,” and Force and

Wiesenfeld,” all of which are in excellent agreement, and are
identical to our previous evaluation, IUPAC, 1992.* Channel
(1) appears to be the predominant pathway (>95%)° for the

reaction.
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O('D) + H,0 — 2HO )
—H, + 0, 2)
— O(FP) + H,0 (3)

AH®(1)=—118.5 ki-mol~!
A°(2)=—197.1 kJ-mo}™’
AH°(3)=—189.7 kJ-mol ™!

No new data have been published since our last evaluation.

Preferred Values (k=k + ky+ K3)

k=2.2x107'° cm® molecule™ s~', independent of tem-
perature over the range 200-350 K.

k;=2.2x1071% cm® molecule ! s~ at 298 K.

kp<2.2x107"? cm® molecule™' s at 298 K.

k3<1.2x1071 cm® molecule™ s7! at 298 K.

Reliability
Alog k==*0.1 at 298 K.
A{E/R)==*100 K.
Alog k;==*0.1 at 298 K.

Comments on Preferred Values

The preferred value for k is a mean of the values of Ger-
icke and Comes,! Amimoto et al.,”> Lee and Slanger,3 Wine
and Ravishankara? and Streit e al.,’ all of which are in good

agreement. Our recommendations for k,/k and ks/k are based
on the data of Zellner et al.® and Glinski and Birks’ (ky/k)
and Zellner et al.® and Wine and Ravishankara® (k4/k). The
preferred values are identical to our previous evaluation,
TUPAC, 1992.°
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AH°=-63.1 kI-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=6.7x10"1 ¢cm® molecule ™! s~! at 298 K.
k=7.7x10""2 exp(—2100/T) cm® molecule™! s™! over the
temperature range 200-450 K.

Reliability
Alog k=+0.1 at 298 K.
A(E/R)==*200 K.

Commeits on Preferred Values

There are several studies in good agreement on both the
temperature coefficient and ahsolute vahies of the rate coef-
ficient. The preferred value of k at 298 K is the mean of the
results of Greiner,' Stuhl and Niki,> Westenberg and
deHaas,> Smith and Zellner,* Overend efal,’ Atkinson
et al.,® Tully and Ravishankara,” Zellner and Steinert,® and
Ravishankara et al.” The preferred value of E/R is the mean
of the values of Smith and Zeliner,* Atkinson et al.,® and

Ravishankara e al.’ The preexponential factor in the ratc
expression is calculated to fit the preferred value of k at 298
K and that of E/R. The preferred values are identical to our
previous evaluation, IUPAC, 19921
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HO + HO - H,0 + O

AH°=-=71.2 kJ-mol ™!

No new data have been published since our last evaluation.

Preferred Values

k=1.9%10"12 cm? molecute™! s™! at 298 K.
k=7.9%x1071* (77298)*° exp(945/T) cm® molecule™! s7!
over the temperature range 200-500 K.

Reliability
Alog k==*0.15 at 298 K.
A(E/R)==+250 K.

Comments on Preferred Values

There are a number of measurements of k at tempera
tures close to 298 K falling in the range (1.4-2.3)X107"2
cm® molecule™! s™!. We take the mean of the more recent
studies'® for our preferred value at 298 K. This value is
confirmed by recent measurements'’ of the pressure depen-
dence of the HO + HO + M reaction system which allow
the reactions HO + HO — H,0 + O and HO + HO
— H,0, to be separated. The temperature coefficient is taken
from an ab initio modeling study'? which well accommo-
dates the experimental high temperature results.

1-10
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{h)

i)

tion of HO radicals. Measurements were made between
1 and 180 bar. TFalloff catrapolation was carried out
with F,=0.5 at 298 K. Separation between the reac-
tions HO + HO + M — H,0, + M and HO + HO
— H,0 + O was made from the pressure dependence.
Based on the measurements of Zellner et al.,* Trainor
and von Rosenberg,” and preliminary results from Ref.
1. The temperature dependence was obtained from the
theoretical analysis of Ref. 6.

Based on direct measurements from Zellner er al.*

Preferred Values

k=6.9%1073! (77300)7%% [N,] cm® molecule™* s} over

the temperature range 200—400 K.
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a#i*= 2149 kJ-mol !
Low-pressure rate coefficients
Rate coefficient data

Z/rm" molecule™ s~! Temp./K Reference Comments
;‘;sniuu» Rate Coefficients

7971073 [N,] : 298 Fulle et al., 1996 (a)
#«views and Evaluations

5%.0x 107°4T7300) %8 [N,] 200-300 IUPAC, 19922 (b)
w03 1073 (7/300) 08 [air) 200-300 NASA, 1994° ©)

Comments Reliability
{s) Laser flash photolysis system with saturated LIF detec- ﬁlog foozsi 0.1ar 298 K.
n=%x0.3.

Comments on Preferred Values

The previously noted® discrepancies between the results
from Refs. 4 and 5 disappear when the pressure dependence
of the reaction is analyzed over the wide range applied in
Ref. 1. By this representation the reactions HO + HO + M
- H,0, + M and HO + HO — H,O + O can be separated
conveniently. The preferred values then are the average of
results from Refs. 1, 4, and 5, based on a falloff curve using
F.=0.5 at 298 K. The temperature dependence of k, is from
the theoretical analysis of Ref. 6.

High-pressure rate coefficients

Rate coefficient data

i../em® molecule™! s71 Temp /K Reference Comments
Absolute Rate Coefficients

2ox1071 298 Fulle et al., 1996 (@
Keviews and Evaluations

3ox1071 200-300 IUPAC, 1992° (b)

1.5x107H 200-300 NASA, 1994° (c)

(a)
(b)

Comments

See comment (a) for k.

The new experiments from Ref. 1, together with the
analysis® of photolysis and thermal dissociation rates,
provide a consistent picture of the falloff curve. A
value of F.=0.5 is recommended over the temperature
range 200-300 XK.

See comment (c) for k.

Preferred Values

ke —2.6x10711 c¢m> molecule™? s'l, independent of tem-
perature over the range 200-300 K.

Reliability
Alog k., =*0.2 over the temperature range 200-300 K.

Comments on Preferred Values
The falloff curve from Ref. 1 now allows for a reliable
extrapolation to k,, at 298 K. The temperature dependence of
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ke, is probably small,® although more extensive experiments
and a more detailed theoretical analysis are needed.

References

'D. Fulle, H. F. Hamann, H. Hippler, and J. Troe, J. Chem. Phys. 105, 1001
(1996).

2TUPAC, Supplement 1V, 1992 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).

“R. Zeliner, F. Ewig, R. Paschke, and G. Wagner, J. Phys. Chem. 92, 4184

 (1988).

>D. W. Trainor and C. W. von Rosenberg, Jr., J. Chem. Phys. 61, 1010
(1974).

61.. Brouwer, C. J. Cobos, J. Troe, H. R. Diiball, and F. F. Crim, J. Chem.
Phys. 86, 6171 (1987).

HO + H02 hd Hzo + 02

AH°=-295.7 KJ-mol

No new data have been published since our last evaluation.

Preferred Values

k=1.1x107'% cm® molecule™! s7! at 298 K.
k=4.8%10"" exp(250/T) cm® molecule™! s™! over the
temperature range 250~-400 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)==200 K.

Cumments on Preferred Values

There has been some controversy over the effects of pres-
sure on the rate coefficient for this reaction. Early discharge-
flow measurements at low pressures (1~10 Torr) consistently
gave values of k approximately a factor of 2 lower than those
obtained by other techniques at pressures close to atmo-
spheric. The discharge-flow study of Keyser' appears to have
resolved the problem. His results’ suggest that the presence

of small quantities of H and O present in previous discharge-
flow studies could have led to erroneously low values of %,
and that there is no evidence for any variation in k with
pressure. These findings' are accepted and we take the ex
pression of Keyser' for k as our recommendation. There are
a number of other studies in excellent agreement with the
value recommended for k at 298 K, which is identical to our
previous evaluation, JUPAC, 19922

In another discharge-flow study Keyser ez al.,’ by moni-
toring the O,(b 2+)—>X(32 ) transition at 762 nm, have
shown that the yleld ot Uz(b 2 )} from the reaction is small
(<1x1073).

References

VL. F. Keyser, J. Phys. Chem. 92, 1193 (1988).

2IUPAC, Supplement IV, 1992 (see references in Introduction).

3L. F. Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chem. Kinet. 17, 1169
(1985).

HO + HzOz —_ H20 + H02

AH°=-130.2 kJ-mol™’

No new data have been published since our last evaluation.

Preferred Values

k=1.7x10""2 cm® molecule ™’ s_] at 298 K
k=2.9%X107"2 exp(—160/T) cm® molecule™
temperature range 240-460 K.

! over the

Reliability
Alog k=%+0.1 at 208 K.
A(E/R)==%100 K.

Comments on Preferred Values

There are a number of studies in excellent agreement on
the value of the rate coefficient.'”” The recommended ex-
pression is that derived hy Kurylo et al.” from a least-
squares fit to the data in Refs. 2-7, and is identical to our
previous evaluation, [UPAC, 1992.%
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H0+03-—>H02+02

167.4 kJ-mo]™!

No new data have been published since our last evaluation.

Preferred Values

0. 7% 107 em? molecule™! s7! at 208 K.
19x10712 exp(—1000/7) cm® molecule™ s™! over
the temperature range 220-450 K.

chiliry
o k=%+0.15 at 298 K.
ol /RY=%300 K.

~unents on Preferred Values
e is good agreement among the various studies of k.
recommended value for E/R is the mean of the values of
hwon and Kaufman,! Ravishankara er al.? and Smith
The recommended value of k at 298 K is the mean of

values from these studies plus those of Kurylo* and Zahniser
and Howard.” The pre-exponential factor is derived from the
recommended values of E/R and k at 298 K. The preferred
valuez are identical to our previous evaluation, IUPAC,
1992.
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H02 + H02 g H202 + 02 (1)

H02+H02+M—>H202+02+M (2)

1y AH°(2)=—165.5 kl.mol™!

No new data have been published since our last evaluation.

Preferred Values

Y 1.6X107"2 cm® molecule™! 71 at 298 K.
5.2X107%2 [N,] cm® molecule™ s™! at 298 K.
1.5%107* [0,] cm® molecule ™! s™! at 298 K.
2.2X107"13 exp(600/T) cm® molecule™! s™! over the
icmperature range 230-420 K.

1. 1.9X107% [N,] exp(980/7) cm® molecule ™ s over
the temperature range 230-420 K.

fn the presence of H,O the expressions for k; and %
lould be multiplied by the factor {1+1.4x107% [H,0]
Ap(2200/T)}.

reliubility
Aog ky=Alog k,=0.15 at 298 K.
A#/R)=4200 K.
A(#5/R)==%300 K.

«omunents on Preferred Values

Although no new data have been published since our last
~waluation, the data have been reviewed by Wallington
.1 al.t who recommend use of the preferred values given
here which are also identical with the values derived by
iuircher and Sander.?

At temperatures close to 298 K, the reaction proceeds by
two channels, one bimolecular and the other termolecular.
The preferred valucs for & arc based on the work of Cox and
Burrows,’ Kircher and Sander,2 Thrush and Tyndall,4 Takacs
and Howard,” Kurylo er al..% and Lightfoot er al.” The work
of Kurylo er al.® and of Lightfoot ef al.” has confirmed quan-
titatively the effects of pressure previously observed by
Kircher and Sander” and Simonaitis and Heicklen.® The rec-
ommendations for &, are based on the work of these authors,
the temperature coefficient of k, being taken from Lightfoot
et al.” and Kircher and Sander.” At higher temperatures, T
>600 K, Hippler er al.” and Lightfoot er al.” observe a sharp
change in the temperature coefficient. The values of k ob-
tained by Crowley et al.'® in experiments primarily aimed at
characterizing the UV absorption spectrum are in -good
agreement with the recommended expression for &.

There have been no recent experimental studies to check
the marked effect of H,O on the rate coefficient, but the
work of Andersson a7 al.'! shows that CH,OH has a similar
effect, suggesting that it is typical of strongly polar hydrogen
bonding species. Mozurkewich and Benson'’ have consid-
ered the effect theoretically and conclude that the negative
temperature dependence, the pressure dependence, and the
observed isotope effects can most reasonably be explained in
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terms of a cyclic hydrogen bonded, H,OHO,, intermediate
to alternative structures suggested by others.

Sahetchian et al.® reported the formation of H, (~10% at
500 K) in the system but this is contrary to earlier evidence
of Baldwin et al.'* and the more recent and careful study of
Stephens ez al.’> who find less than 0.01 fractional contribu-
tion from the channel leading to H, + 20,. _

Keyser ef al.'® have measured a yield of Ox(b'3]) of
<3x%1072 per HO, consumed.

References

'T. J. Wallington, P. Dagaut, and M. J. Kurylo, Chem. Rev. 92, 667 (1992).
2C. C. Kircher and S. P. Sander, J. Phys. Chem. 88, 2082 (1984).

3R. A. Cox and J. P. Burrows, J. Phys. Chem. 83, 2560 (1979).

*B. A. Thrush and G. S. Tyndall, Chem. Phys. Lett. .92, 232 (1982).

5G. A. Takacs and C. J. Howard, J. Phys. Chem. 90, 687 (1986).

SM. J. Kurylo, P. A. Ouellette, and A. H. Laufer, J. Phys. Chem. 90, 437
(1986). _

7p. D. Lightfoot, B. Veyret, and R. Lesclaux, Chem. Phys. Lett. 150, 120
(1988). :

8R. Simonaitis and J. Heicklen, J. Phys. Chem. 86, 3416 (1982).

°H. Hippler, J. Troe, and J. Willner, J. Chem. Phys. 93, 1755 (1990).

10, N. Crowley, F. G. Simon, J. P. Burrows, G. K. Moorigat, M. E. Jenkin,
and R. A. Cox, J. Photochem. Photobiol. A: Chem. 60, 1 (1991).

1B, Y. Andersson, R. A. Cox, and M. E. Jenkin, Int. J. Chem. Kinet. 20,
283 (1988).

12M. Mozurkewich and S. W. Benson, Int. J. Chem. Kinet. 17, 787 (1985).

K. A. Sahetchian, A. Heiss, and R. Rigny, Can. J. Chem. 60, 2896 (1982).

R. R. Baldwin, C. E. Dean, M. R. Honeyman, and R. W. Walker, J. Chem.
Soc. Faraday Trans. 1, 80, 3187 (1984).

155. L. Stephens, J. W. Birks, and R. J. Glinski, J. Phys. Chem. 93, 8384
(1989).

161, F. Keyser, K. Y. Choo, and M. T. Leu, Int, J. Chem. Kinet. 17, 1169
(1985).

H02 + 03 — HO + 202

AH°=—118.0 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=2.0x10"" cm® molecule™ 57! at 298 K.
k=1.4%X10"" exp(—600/T) cm® molecule™ s™! over the
temperature range 250-350 K.

Reliability
Alog k=%0.2 at 298 K.
— +500K
A(E/R)=110%,

Comments on Preferred Values

A number of studies'™ are in close agreement on the
value of k at 298 K, but there is some divergence on the
temperature coefficient of k. The studies of Sinha ef al.®> and
Wang et al.* both agree that k exhibits non-Arrhenius behav-
ior, apparently approaching a constant value of approxi-
mately 1X107!° cm® molecule ™! s™! at 7<250 K. There are
experimental difficulties in working at these temperatures
and this finding>* is not incorporated in our recommendation
without further confirmation. At higher temperature the re-
sults from these two stdies™ diverge, giving values of &
differing by nearly a factor of 2 at 400 K. We therefore limit
the temperature range of our recommendation to 7<<350 K
until this discrepancy is resolved.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

The preferred values for the range 250-350 K are based
on the results of Zahniser and Howard' and Wang ez al.* For
modeling at temperatures in the range 200-250 K a value of
k=1.2X10"" cm® molecule™ s7! should be used. The pre-
ferred values are identical to our previous evaluation,
IUPAC, 1992

Isotopic exchange studies® of the reaction between H'®0,
and O; show that at room temperatures the reaction proceeds
almost exclusively by H atom transfer rather than by transfer
of an oxygen atom. Moreover there is little change in this
finding with temperature over the range 226-355 K% indi-
cating that any curvature on the Arrhenius plot cannot be due
to competition between these two reaction paths.
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H,O + hv — products

Primary photochemical transitions

crions AH°/KJ-mol ™! A threshola/NM
8.0 4 hv — Hy, + OCP) (1) 491.0 243
—H+HO (2 499.1 239
—H, + o('D) (3) 680.7 _ 176

No new data have been published since our last evaluation.

Preferred Values

Anm 10% g/cm® b,
115,59 263 1.0
171.5 185 1.0
180.0 78 1.0
{825 23 1.0
1X5.0 5.5 1.0
186.0 3.1 1.0
I87.5 1.6 1.0

1%9.3 0.70 1.0

{‘vmments on Preferred Values

Water vapor has a continuous spectrum between 175 and
190 nm; the cross-section decreases rapidly towards longer
wavelengths. The cross-section data from four studies' ™ are
i reasonable agreement. None of these studies report nu-
merical data. The preferred values of the absorption cross
section are taken from the review of Hudson,5 and were ob-
tained by drawing a smooth curve through the data of

Schurgers and Welge,* Watanabe and Zelikoff,! and Thomp-
son et al.?

On the basis of the nature of the spectrum and the resuits
of Chou er al.® on the photolysis of HTO, it is assumed that
over the wavelength region 175~190 nm, reaction (2) is the
only primary process and that ¢,=1.0."

These recommendations. are identical to our previous
evaluation, IUPAC, 1992.%
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H,O, + hv — products

Primary photochemical processes

Reactions AH®/K] - mol! A threshol/ M
1,0, + hy — HO + HO (1) 215 557

— H,0 + O('D) (2) 333 359

— H + HO, 3) 369 324

— HO + HO(%) ) 606 197

Quantum yield data
(p=d1 + &2 + P3 + @)
Wavelength

Measurement Range/nm Reference Comments
$=1.0 253.7 Volman, 1963 (a)
$,=1.0420.18 248 Vaghjiani and Ravishankara, 1990° (b)
$2<0.002 248
$3<0.0002 248
$,=1.0120.17 222 Vaghiiani er al., 1992} (©
¢,<0.002 222
$3=0.024x0.012 222 :
¢, =0.79£0.12 248 Schiffman et al., 1993* (d)

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997



570

()

ATKINSON ET AL.

Comments

Based on a measured overall quantum yield for H,O,
removal of ¢(—H,0,)=1.7+0.4 and the assumed
mechanism, H,0, + hv — 2HO, HO + H,0,
— H,0 + HO,, and 2HO, — H,0, + O,. This in-
terpretation has been criticized by Greiner.

(b) Photolysis of flowing mixtres of H,0,—H,0-N, (or
He) and of O;-H,0-N, (or He) at 298 K. H,0, and
O, were determined by UV absorption at 213.9 nm or
228.8 nm. Quantum yield of HO formation from
H,0,—H,0 mixture was measured relative to that from
0O;—H,0 mixture. These relative yields were placed on
an absolute basis using the known quantum yield of
HO radical production from the photolysis of Oj;
~H,0 mixtures at 248 nm, taken as ¢»(HO)=1.73
+0.09.2% O and H yields were determined by reso-
nance fluorescence.

{c) Pulsed laser photolysis of H,0,—N, or SF¢ mixtures at
222 nm and 248 nm. [HO] monitored by LIF. The
quantum yield of HO production at 248 nm was as-
sumed to be 2.0 and the value at 222 nm was deter-
mined from this and the relative HO yields at the two
wavelengths. H atom concentrations were monitored
by resonance fluorescence. The quantum yield was de-
termined by reference to CH;SH photolysis at 193 nm.
O(P) atom formation was investigated using reso-
nance fluorescence but only a very small signal was
detected, possibly due to secondary chemistry.

(d) Pulsed laser photolysis of H,O, mixtures. Energy, and
hence number of photons, of laser pulse absorbed de-
termined by calorimetry. HO concentrations were
monitored by infrared absorption using a color center
dye-laser (2.35-3.40 um) and interferometer for wave-
length measurement. Absolute HO radical concentra-
tions were obtained using integrated absorption cross-
sections measured in the same laboratory.7

Preferred Values

Mnm 10% gfcm? & Anm 10% g/fcm? &

190 67.2 275 2.6 1.0

195 56.3 280 2.0 1.0

200 415 285 1.5 1.0

205 40.8 290 1.2 1.0

210 357 295 0.90 1.0

215 30.7 300 0.68 1.0

220 25.8 1.0 305 0.51 1.0

225 217 10 310 0.39 1.0

230 18.2 1.0 315 0.29 1.0

235 15.0 1.0 320 0.22 1.0

240 124 1.0 325 0.16 1.0

245 10.2 10 330 013 1.0

250 8.3 1.0 335 0.10 1.0

255 6.7 1.0 340 0.07 1.0

260 53 1.0 345 0.05 1.0

265 42 1.0 350 0.04 10

270 33 1.0
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Comments on Preferred Values

There have been no new measurements of the absorption
cross-sections and our recommendations are unchanged from
our previous evaluation, IUPAC, 1992.2 The preferred values
are the means of those determined by Lin e al.,* Molina and
Molina,'® Nicovich and Wine,'! and Vaghjiani and
Ravishankara.'? These agree with the earlier values of Holt
et al.'® The absorption cross-sections have also been mea-
sured at other temperatures by Troe'* (220-290 nm at 600 K
and 1100 K) and by Nicovich and Wine'' (260-250 nm.
200-400 K). Both Nicovich and Wine'' and Troe'* have
expressed their results in an analytical form.

Tt has long been assumed that channel (1) is the only sig-
nificant primary photochemical channel at A >200 nm. There
are measurements by Vaghjiani and Ravishankara’ and
Vaghjiani et al.® at 248 nm and 222 nm which support this a
these wavelengths. However, measurements at 193 nm by
Vaghjiani et al.®> show a decline in the HO radical quantum
yield (1.51 relative to an assumed value of 2 at 248 nm) with
a growth in the H atom quantum yield, a feature previously
observed by Gerlach-Meyer et al.*® The results of Schiffman
et al.* also agree well with this relative change in HO radical
production in going from 248 nm to 193 nm. However,
Schiffman et al.* obtain much lower absolute values for the
quantum yield of HO radical production than obtained by
Vaghjiani and Ravishankara.?

The evidence therefore indicates that there is a decline in
the relative importance of channel (1) in going from 248 nm
to 193 nm but the point of onset of this decline and its form
are uncertain. Furthermore, the reason for the difference in
the absolute values of the quantum yield between the studies
of Schiffman et al.* and Vaghjiani and Ravishankara® is un-
clear; further work is urgently required to clarify this.

Provisionally we continue to recommend the use of a
quantum yield of 2 for HO radical production (¢;=1.0) at
A>220 nm.
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4.3. Nitrogen Species

O+NO+M— NO, + M

406.2 kJ-mol ™!
Low-pressure rate coefficients
Rate coefficient data
‘)miccule" 57! Temp./K Reference Comments
wie Rate Coefficients
73 1075 (T7300)~ (141002 [ Ar] 300-1341 Yarwood et al., 1991 {(a)
Bediews and.Evaluations
5107 (17300) 716 [N, ] 200-300 TUPAC, 19922 (b)
HHL1077 (7/300) 1 [air] 200-300 NASA, 1994° (c)

Comments

41 ' 'I'wo experimental techniques were employed. Over the
temperature range 300~1000 K, flash photolysis of NO
with light from a N, discharge lamp was carried out in
a temperature-controlled quartz cell. O(3P) atoms were

- monitored by resonance fluorescence and the total pres-
sure varied between 50 and 300 Torr. A flash
- photolysis-shock tube technique was employed be-
tween 915 and 1341 K at 30 Tomr total pressure.
O(3P) atoms were detected by atomic resonance ab-
sorption spectroscopy. Collisional efficiencies S,
=().29; 0.26, 0.18, and 0.16 were derived at 300, 400,
1000, and 2000 K, respectively. In the theoretical
analysis, recombination into the X(?A,), AC’B,), and
C(?A,) states of NO, were taken into account.
ih) Based on the experiments of Ref. 4.
t¢) Based on the experiments of Ref 4 and their

reanalysis*® of the data from Ref. 5 and measurements
from Ref. 1.

Preferred Values

ko=1.0X 103 (77300)~ ¢ [N,] cm® molecule ™' s™! over
the temperature range 200-300 K.

Reliability
Alog k,==*0.10 at 298 K.
An=%0.3.

Comments on Preferred Values

The preferred values are identical to our previous evalua-
tion, IUPAC, 1992.2 The recent measurements by Yarwood
etal! at the lowest temperatures are consistent with those
recommended in this evaluation.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k.=3.0x10"1 (7/300)®3 cm® molecule™! s™! over the
temperature range 200-1500 K.

Reliability
Alog ke ==0.3.
An=+023.

{lomments on Preferred Values

The preferred values are based on the relative rate mea-
surements of Ref. 6. A reconfirmation by an absolute rate
measurement is required. A broadening factor F,=0.85 at
300 K was estimated, which would correspond to an esti-

mated temperature dependence of F.=exp(—17/1850). These
preferred values are identical to our previous evaluation, IU-
PAC, 19922
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AH°=-192.2 kJ-mol™’

No new data have been published since our last evaluation.

Preferred Values

k=9.7x10"2 cm® molecule™! s™! at 298 K.
k=6.5X107'2 exp(120/T) cm® molecule™! s™! over the
temperature range 230-350 K.

Reliability
Alog k==0.06 at 298 K.
A(E/R)=+120 K.

Comments on Preferred Values

The preferred value at 208 K is the average of the values
reported by Ongstad and Birks,! Geers-Miiller and Stuhl,”
Davis et al.,3 Bemand et al.,4 and Slanger et al.’ The recom-

mended temperature dependence results from a least-squares
fit to the data of Ongstad and Birks,t Geers-Miiller and
Stuhl’ and Davis ez al.,’ and the preexponential factor has
been adjusted to fit the preferred value of k(298 K). The
preferred values are identical to our previous evaluation,
TUPAC, 1992.
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'A.P. Ongstad and J. W. Birks, J. Chem. Phys. 81, 3922 (1984).

2R, Geers-Miiller and F. Stuhl, Chem. Phys. Lett. 135, 263 (1987).

3D. D. Davis, J. T. Herron, and R. E. Huie, J. Chem. Phys. 58, 530 (1973).

4P. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday
Trans. 2, 70, 564 (1974).

5T. G. Slanger. B. J. Wood. and G. Black. Int. J. Chem. Kinet. 5, 615
(1973).

SA. P. Ongstad and J. W. Birks, J. Chem. Phys. 85, 3359 (1986).

TIUPAC, Supplement IV, 1992 (see references in Introduction).

O + NO, + M— NO; + M

AH°=-208.7 kJ-mol™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko=9.0X 10732(7/300) % [N,] cm® molecule™! s~} over
the temperature range 200-400 K.

Reliability
Alog ky==0.10 at 208 K.
An==1.

Comments on Preferred Values

The preferred values are from relative rate data.! Absolute
rate measurements are required. Changes of the reference
rate constant (O + NO, — O, + NO) from the originally
used value of 9.3X 10712 cm® molecule™ 57! t0 9.7x107"2
cm® molecule™! s™! at 298 K (this evaluation) does not in-
fluence the preferred value.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko =2.2%X10""! cm® molecule™! s™!, independent of tem-
perature over the range 200-400 K.

Reliability
Alog k, =%0.2 at 298 K.
An==0.5.

Comments on Preferred Values
See comments on k.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Intermediate Falloff Range

A broadening of the falloff curve with F, (300 K)
=0.8 and an estimated temperature dependence F{
=exp(—7/1300) has to be taken into account. The preferred
ko and k., values depend on the F; value chosen. The pre-

_ferred values of ky and k.. are identical to those in our pre-

vious evaluation, TUPAC, 1992.2
References

ICODATA, 1980 (see references in Introduction).
2JUPAC, Supplement 1V, 1992 (see references in Introduction).
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0 + NO;z — O, + NO;

No new data have been-published since our last evaluation.

Preferred Values

.i“-“fl %107 cm® molecule™" s™! at 298 K.

Hellability
‘Alog k==03 at 298 K.

Lomments.on Preferred Values

The preferred value is that reported by Canosa-Mas et al.)!
“¥hiich i the only dircet measurement of this rate coefficient.
P carlier relative rate value of Graham and Johnston? is
‘gonwistent with the preferred value, taking into account the

experimental uncertainties. The temperature dependence is
probably near zero by analogy with the reaction of OC’P)
atoms with NO,. This preferred value is identical to that in
our. previous evaluation, IUPAC, 19923

References

1C. E. Canosa-Mas, P. J. Carpenter, and R. P. Wayne, J. Chem. Soc: Far-
aday Trans. 2, 85; 697 (1989).

2R. A. Graham and H. S. Johnston, J. Phys. Chem. 82, 254 (1978).

31UPAC, Supplement IV, 1992 (see references in Introduction).

O('D) + N, — O(°P) + N,

AN = ~189.7kI-mol”!

Raté coefficient data

s i

e - - -

- #Hemdimolecule™! s _TempJ/K Reference Comments

Relative Rate Coefficients .

S {2:620.3)x 1071 296 Shi and Barker, 1990’ (a)

-gﬂ'c’cws and. Evaluations _

A% 107 exp(107/T) 200-350 TUPAC, 19922 (b)
18107 exp(110/T) -200-350 NASA, 19943 : (b)

Comments

(). The kinetics of deactivation: of 02(12;r ) were studied
by time-resolved emission from O,('2;) at 762 nm.
0,('3}) was produced by reaction of O(D) atoms
with O, following laser -flash photolysis: of 3. The
effect of N, (and other quenchers) on the initial fluo-
rescence intensity gives the O(*D) atom deactivation
rate coefficient relative to that for O,. The rate coetfi-
cient for the reaction of O('D) atoms with O, (this
evaluation) is used to determine k.

{h) Based on the measurements of Amimoto et al.,4 Brock
and )Natson,s Wine and Ravishankara,’ and Streit
et al

Preferred Values

k=2.6X10"!! cm® molecule™! s™! at 298 K.
k=1.8%10"" exp(107/T) cm® molecule™! s~! over the
temperature range 200-350 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)==*100 K.

Comments on Preferred Values

The relative rate data of Shi and Barker' are in excellent
agreement with the earlier studies,*”’ and there is no change
in the recommendation. The preferred value at room tem-
peraturc is thc average of the results of Amimoto & al.?
Brock and Watson,” Wine and Ravishankara,® and Streit
et al.,’ all of which are in close agreement. The temperature
dependence of Streit et al.” is accepted, and the preexponen-
tial factor has been adjusted to fit the preferred room tem-
perature value. The preferred values are identical to our pre-
vious evaluation, IUPAC, 1992.

References

13, Shi and J. R. Barker, Int. J. Chem. Kinet. 22, 1283 (1990).

2JUPAC, Supplement IV, 1992 (see references in Introduction),

3NASA Evaluation No. 11, 1994 (see references in Introduction).
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Chem. Phys. 71, 3640 (1979).

53. C. Brock and R. T. Watson, results presented at the NATO Advanced
Study Institute on Atmospheric Ozone, Portugal, 1979; see G. K. Moort-
gat’s review in Report No. FAA-EE-80-2 (1980).

6p. H. Wine and A. R. Ravishankara, Chem. Phys. Lett. 77, 103 (1981).
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Schiff, J. Chem. Phys. 65, 4761 (1976).
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O('D) + NO — N, + O, 1)

— 2NO @)
— O(P) + N,O (3)

AH®(1)=—521.0 kJ-mol !
AH®(2)=—340.4 k) -mol ™'
AH®°(3)=~189.7 kJ-mol !

Rate coefficient data (k=k,+ky+ks)

k/icm® molecule™! 5! Temp./K Reference Comments
Branching Ratios
kylk=0.61+0.08 296 Cantrell, Shetter, and Calvert, 1994! (a)
Reviews and Evaluations
ky=44x10"" 200-350 IUPAC, 1992* (b)
ky=7.2%10""1 200-350 :
ky<1x10712 200-350
k=49x10"" 200-300 NASA, 19943 (b)
ky=6.7x10"" 200-350

Comments

(a) Static photolysis of N,0-O; mixtures at A>240 nm
with product analysis by FTIR spectroscopy. The
amount of NO formed in reaction (2) was determined
from the yield of HNO; formed by total oxidation and
hydration of NO, products, corrected for losses to the
wall. The value of k,/k obtained from the experimental
data was 0.57%+0.08; the value given in the table was
obtained by averaging the experimental value with se-
lected literature data.

(b) Based on the measurements of Amimoto et al.,* Wine
and Ravishankara,® and Davidson er al.®

Preferred Values

k;=4.4x10"" cm® molecule™! s™!, independent of tem-
perature over the range 200-350 K.

k,=7.2x 107! ¢cm? molecule™! 57!, independent of tem-
perature over the range 200-350 K.

k3<1x107'%, independent of temperature over the range
200-350 K.

Reliability
Alog k;=Alog k,==0.1 at 298 K.

A(E,/R)=(E,/R)==100 K.

Comments on Preferred Values

The data and recommendation for the branching ratio at
room temperature of k,/k=0.61+0.08 given by Cantrell
et al." are completely in accord with our previous evaluation
(kp/k=0.62+0.09).2 The preferred values for the rate coeffi-
cients are therefore unchanged from our previous evaluation,
TUPAC, 1992.? The values at room temperature are the av-
erage of the results of Amimoto efal,® Wine and
Ravishankara,5 and Davidson et al.,6 all of which are in close
agreement. The temperature independence reported by
Davidson et al.® is accepted.

References

YC. A. Cantrell, R. E. Shetter, and J. G. Calvert, J. Geophys. Res. 99, 3739
(1994).

2IUPAC, Supplement IV, 1992 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).

4S. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Weisenfeld, J.
Chem. Phys. 71, 3640 (1979).

5P. H. Wine and A. R. Ravishankara, Chem. Phys. Lett. 77, 103 (1981).

3. A. Davidson, H. I Schiff, G. E. Streit, J. R. McAfee, A. L. Schmelt-
ekopf, and C. J. Howard, J. Chem. Phys. 67, 5021 (1977).

HO + NH3 b d H20 + NH2

AH°=—49.8 kJ-mol™!

No new data have been published since our last evaluation.
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Preferred Values

£+ 1,6 107!% cm® molecule™ 57! at 298 K.
#+3.5% 10712 exp(—925/T) cm® molecule ™’ s~! over the
temperature range 230-450 K.

Keliability
Alog k==0.1 at 298 K.
A{l/R)==x200 K.

Tamments on Preferred Values

‘I'he results of Diau ez al.! are in excellent agreement with
fhe previously recommended Arrhenius expression, which
w1k based on the results of Stuhl,? Smith and Zellner,? Perry
¢ al.” Silver and Kolb,” and Stephens.® There is no change
i the preferred value resulting from the inclusion of the new
datn of Diau ef al.! The many high temperature studies have

been considered by Jeffries and Smith’ to derive a modified
Arrhenius expression over an extended temperature range of
k=1.58x10""7 78 exp(—250/T) cm’® molecule™* s™! for
the temperature range of 225-2350 K. The preferred values
are identical to those in our previous evaluation, IUPAC,
199238 :
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HO + HONO — H,0 + NO,

ANY - ~168.4 kI -mol ™!

Rate coefficient data

1 1

#4m” molecule

s Temp/K Reference Comments
;Shmluw Rate Coefficients
* 8% 107" exp[(260=140)/T] 298-373 Burkholder ez al., 1992! (a)
$1.05:20.26)% 10712 208
ksviews and Evaluations
1.8%x 1071 exp(—390/7) 280-340 IUPAC, 19922 (b)
1.8% 107" exp(—390/T) 200-300 NASA, 1994° (b)
Comments Reliability

tn)  Laser flash photolysis system with LIF detection of HO
radicals. HO radicals were produced from the 266 nm
photolysis of O4 in the presence of excess H,O, and
HONO was prepared from acidified NaNO, solution
and its concentration, together with that of NO,, was
monitored by in situ diode-array spectroscopy. Psuedo
first-order decays of OH radicals in excess HONO
were measured. The reported error limit is the 95%
confidence limit.

FESY Daocnd Aan tha smeanciinaasemta ~
1) Dacstlu Ull uIL IMICasurviiicw U

Cox et al.’

Preferred Values

k=6.5%10"12 cm® molecule™! s~! at 298 K.
k=2.7X10"12 exp(260/T) cm® molecule™" s™! over the
temperature range 250-400 K.

Alog k=+0.15 at 298 K.
A(E/R)==260 K.

Comments on Preferred Values

The new direct measurements of this rate coefficient from
Burkholder et al.! agree well with the earlier relative rate
determination of Cox ez al.’ at 296 K [k=(6.3%0.3)x 107 1?
cm® molecule™! 5717, but are higher than the direct measure-
ments of Jenkin and Cox* using the molecular modulation
technique [4={4.5+1.5)X 10712 ¢cm® molecule ™! s~ at 298
K]. The new measurements show a small negative tempera-
ture dependence whilst the earlier work* gave a positive de-
pendence with an activation energy of 3.2 kJ mol™!. The
new measurements have substantially better precision and
accuracy and the temperature dependence is consistent with
that observed for the analogous reaction of HO radicals with
HONO,. The preferred value is a weighted average of the
reported values of Cox er al.’ Jenkin and Cox,* and
Burkholder et al.,' at 298 K combined with the temperature
dependence of Burkholder er al.!

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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References
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HO + HONO, — H,0 + NO; 1)

— [HoNO,4] — H,0 4+ NO3  (2)

AH°(1)=AH®(2)=-72.4 kI-mol™!

No new data have been published since our last evaluation.

Preferred Values (k=ky+ks)

k=1.5X10"" cm® molecule™! s™! at 298 K and 1 bar.
See comments for expression to be used under other con-
ditions of temperature and pressure.

Reliability
Alog k==*0.1 at 298 K.

Comiments on Preferred Values

There is now understanding of the kinetics and mechanism
of this complex reaction. There is general consensus on the
following major features of the data: (a) a strong negative
temperature dependence below room temperature with a
much weaker temperature dependence above room tempera-
ture which appears to level off near 500 K, and (b) a small
but measurable pressure dependence at room temperature
which increases at low temperatures. The pressure depen-
dence from 20-100 Torr and 225-298 K was determined by
Margitan and Watson,! and Stachnik ez al.> measured rate
coefficients over the range 10-730 'Lorr at 297 K and 2438 K.
These studies agree on a 50 increase in the rate constant at
the highest pressure studied at room temperature and a dou-
bling of the low pressure limit at 240 K.

Lamb er al.® have proposed a mechanism involving forma-
tion of a bound, relatively long-lived, intermediate complex.
This mechanism gives a rate coefficient expression which
combines a low pressure limiting rate constant (k;) and a
Lindemann-Hinshelwood expression for the pressure depen-
dence. This mechanism has been used in the NASA
evaluation,* and the expression derived in the NASA panel’s
analysis® has been adopted for the evaluation. The overall
rate constant can be expressed as:

k=k(T)+ky(M,T)
where
ko(M,T)=k3[ M)/ (1+ks[M]/k,).

The expressions for the elementary rate constants are:
k;=7.2X1071 exp(785/T) cm® molecule™ 57/,
ky=1.9%1073 exp(725/T) cm® molecule™ s™}, and
k,;=4.1X107 % exp(1440/T) cm® molecule™ s7

all expressions are valid over the temperature range 220-300
K. This expression has been evaluated for the conditions of
298 K and 1 atm pressure to yield the preferred value given
here. The reader is referred to Ref. 4 for a more detailed
discussion of this reaction. Bossard er al’ and Singleton
et al.® have reported a pressure and temperature dependence,
respectively, of the rate constant for the related reaction DO
+ DNO;. The preferred values are identical to those in our
previous evaluation, IUPAC, 1992.7
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HO + HO,NO, — H,0 + O, + NO, (1)

— Hy,0, + NO3 (2)

AH°(1)=-191 KJ-mol™!
AH"(2)=—44.9 KY-mol™'

No new data have been published since our last evaluation.
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Preferred Values (k=kq+k;)

£5,0% 10712 cm® molecule™! s~ at 298 K.
£+ 1.5% 10712 exp(360/T) cm’ molecule™! s7! over the
“temperature range 240-340 K.

Eehability ‘
Alog k=%+0.2 at 298 K.
A (17/R)— +300K
AER)=130%

{'smments on Preferred Values

The preferred value is based on a least-squares fit to the
datn of Trevor et al.,' Smith et al. .2 and Barnes et al.? Trevor
1 ul.' studied this reaction from 246—324 K at low pressure
£5-15 Torr) and recommended a temperature-independent
siluc, but also reported an Arrhenius expression with E/R
«193:194 K. In contrast, Smith ez al.? report data from
140-340 K at one atmosphere pressure and report a negative
remperature dependence with E/R=—(650£30) K. It is pos-
sibje that the difference may be due to the reaction being
complex with different temperature dependences at low and
at high pressure. The error limits on the recommended E/R

577

value encompass the results of both studies. At 220 K the
values deduced from these studies differ by a factor of three.
The recent study of Barnes et al.’ the first study over an
extended pressure range, found the rate coefficient to be in-
dependent of pressure from 5-300 Torr at 278 K and also
report the same value at 295 K (low pressure) and at 268 K
(100 Torr He). They also report no change with synthetic air
as buffer gas. A TST calculation by Lamb et al* suggests
that the pressure dependence for this rate coefficient will be
much less than that for the corresponding reaction of HO
with HNO;. These preferred values are identical to those in
our previous evaluation, IUPAC, 19923

References
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HO + NO + M — HONO + M

Ale=—209.0kJ-moi™!

Low-pressure rate coefficients

Rate coefficient data

fo/em” molecule™! 57! Temp./K Reference Comments
Absolute Rate Coefficients
50x 1073 [Ar] 298-422 Zabarnick, 1993! (a)
1,5% 1073 [SF,] 298-430
3.9% 1073 (7/300)" 24 [He] 250-400 Forster et al., 19952 (b)
Keviews and Evaluations
7.4% 10731 (T7300) 724 [N,] 200-300 IUPAC, 19923 ©
7.0% 10731 (77300) =29 [air] 200-300 NASA, 1994* [65))

Comments

{a) HO radicals were generated by photodissociation of
HNO; at 248 nm and monitored by LIF at 310 nm. The
bath gases Ar (50-400 Torr), N, (100 Torr), and SFq
(50-400 Torr) were employed. Extrapolativns weie
performed with a Lindemann—Hinshelwood expres-
sion.

(b) Laser flash photolysis system with saturated-LIF detec-
tion of HO radicals. Measurements were made over the
pressure range 1-110 bar. Falloff extrapolations were
carried out with F.=0.9 at 250 K and F,=0.8 at 400 K.

(¢) The preferred values have not been changed since
1984, because the data base appears fairly complete
and consistency with theoretical analysis was obtained.
The new high pressure measurements” put the falloff
extrapolation on a sounder basis.

(d) The recommended value is a weighted average of the
data from Refs. 515, with heavy weighting to Ref. 14.

Preferred Values

ko=7.4X 1073 (7/300)~%* [N,] cm® molecule™! s~ ! over
the temperature range 200-400 K.

Reliability
Alog ko=20.10 at 298 K.
An==*0.5.

Comments on Preferred Values

The measurements from Refs. 1 and 2 appear consistent
with our earlier recommendation,” which remains un-
changed.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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High-pressure rate coefficients

Rate coefficient data

k./cm® molecule™ s™! Temp./K Reference Comments
Absolute Rate Coefficients

8.4x 10712 208-422 Zabarnick, 1993! (a)

3.0x107 " 298

8.0x 107! 430

45x107" 250-400 Forster er al., 19957 (b)
Reviews and Evaluations

3.2x1071 200-400 IUPAC, 1992° (c)

1.5x107 1 200--300 NASA, 19944 (d)

Comments

(a) See comment (a) on kg. The first value was obtained in
M=Ar, while the other values were extrapolated from
measurements in M=SF,,.

(b) See comment (b) on k.

(c) Based on preliminary data from Ref. 2.

(d) The recommended value is a weighted average of the
data of Anastasi and Smith'* and Anderson et al.’

Preferred Values

ke =4.5%10"" c¢m? molecule™! 57!, independent of tem-
perature over the range 200-400 K.

Reliability
Alog k.. ==*0.2 over the temperature range 200-400 K.

Comments on Preferred Values

The preferred values are from Ref. 2, where a major part
of the falloff curves was measured (up to 100 bar of M
=He) at 250, 300, and 400 K. Falloff curves are constructed
with F,=0.9 at 250 K and 0.8 at 400 K.
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HO + NO, + M — HNO; + M

AH°=-207.6kI-mol™!

Low-pressure rate coefficients

Rate coefficient data

kofem® molecule™! 57! Temp./K Reference Comments
Absolute Rate Coefficients

1.5% 1073 (7/300) 39 [He] 268-400 Forster et al., 1995 (a)
Reviews and Evaluations

2.6 1073 (77300)~2° [N;] 200-300 IUPAC, 19922 (b)

2.6x107% (77300)~ 3 [air] 200-400 NASA. 1994° (c)
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Comments

451 Laser flash photolysis system with saturated LIF detec-
tion of HO radicals. Measurements were made between
| and 150 bar. Falloff curves were constructed with
/°,=0.46 at 270 K, 0.43 at 300 K, and 0.37 at 400 K.

43 The data base is large. This evaluation was based on a

©calculated value of F,=0.43 at 300 K.

i¢t - The values are from Refs. 4-8. The temperature depen-
dence was based on (—(AE))=2.3 kJ mol™! for
M=N,.

Preferred Values

ky=2.6% 10" (7/300)~2° [N,] cm® molecule ™! s~ over
the temperature range 200—400 K.

Reliability
Alog ko==0.1 at 298 K.
An=+0.3.

Comments on Preferred Values

The preferred values are identical to our previous evalua-
tion, IUPAC, 1992.2 The new measurements for M=He from
Ref. 1 appear consistent with this recommendation.

High-pressure rate coefficients

Rate coefficient data

4, iem® molecule™! s~}

Temp./K Reference Comments
f;lunlute Rate Coefficients ;
£.1% 1071 (T7300) 706 260-400 Forster et al., 1995' (a)
Reviews and Evaluations
6.0x1071 200-300 IUPAC, 1992* (b)
24% 1071 (77300)" 13 200-300 NASA, 19943 (©)

Comments

{1} See comment (a) for k.

{h) Based on preliminary data from Ref. 1.

i¢) The recommended values were from a RRKM model
of Smith and Golden.’

Preferred Values

k. =6.7x 107" (7/300) %% cm® molecule™! s™! over the
temperature range 200-400 K.

Reliability
Alog k., ==*0.10 at 298 K.
An==x0.5.

Comments on Preferred Values
The preferred values are from the measurements of Ref. 1,
which covered the largest part of the falloff curves.

References

IR, Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schiepegrell,
and J. Troe, J. Chem. Phys. 103, 2949 (1995).

2JUPAC, Supplement TV, 1992 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).

4]. G. Anderson, 1. J. Margitan, and F. Kaufman, J. Chem. Phys. 60, 3310
{1974).

5C. J. Howard and K. M. Evenson, J. Chem. Phys. 61, 1943 (1974).

6C. Anastasi and 1. W. M. Smith, J. Chem. Soc. Faraday Trans. 2, 72, 1459
(1976).

7P. H. Wine, N. M. Kreutter. and A. R. Ravishankara. J. Phys. Chem. 83.
3191 (1979).

#J. P. Burrows, T. J. Wallington, and R. P. Wayne, J. Chem. Soc. Faraday
Trans. 2, 79, 111 (1983).

9G. P. Smith and D. M. Golden, Int. J. Chem. Kinet. 10, 489 (1978).
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HO + N03 g H02 + N02

AH®=-652kJ-mol™!

Rate coefficient‘data

klem® molecule™ 5™ Temp./K - Reference Comments
Absolute Rate Coefficients ’ :
(1.22£035)x 1071 298 Becker, Rahman, and Schindler, 1992! (a)
(2.1x1.0)x 1071 297 Mellouki et al.; 19932 _ )]
Reviews and Evaluations
23x1071 208 TUPAC, 1992° ()
2.2x10™ 1 298 NASA, 1994* (d
Comments v Reliability
. . Alog k==*0.3.
(a) Discharge flow system with resonance fluorescence de- _ o8

tection of HO radicals. NO; and HO, radical concen-
trations were measured by mass spectrometry. The HO
radical time-dependence was followed in the presence
of excess.NOj; radical concentrations.- The rate coeffi-
cients obtained with HO radical production in sifu from
the H + NO, reaction and Wwith injection of HO radi-
cals from either the H + NO, or F + H,O0 reactions
were the same within the experimental errors. A com-
plex kinetic analysis was required to extract the rate
coefficients by computer simulation using a complex
mechanism, taking account. of secondary. reactions of
the HO, radical product. The average value is reported
and the cited error refers to precision only.

(b) Discharge flow system with LMR detection of HO and
HO, radicals and NO,. The H + NO, reaction. was
used to generate HO radicals, and NO; radicals were
produced by the thermal decomposition of N,Os.
NO; radicals were detected by titration with NO, moni-
toring the NO, product. The rate coefficient was deter-
mined by a psuedo first-order analysis with NO; in
excess over HO. The average value of & is reported.

() Meax}j of the data of Mellouki ef al.> and Boodaghians
et al.

(d)- Weighted average of the data from Refs. 1, 2, 5, and 6.

Preferred Values

k=2.0x10"1! cm® molecule™! s7! at 298 K.

Comments on Preferred Values

The two new meastirements 2 of this rate constant using
the discharge flow technique at room temperature are not in
good agreement. The rate coefficient reported by Mellouki
eral’ is in good agreement with the two - earlier
determinations,>® but less accuracy is claimed. The rate co-
efficient of Becker ez al.! is-a factor of 2 lower and the dis-
crepancy is well outside the claimed accuracy. In all systems
corrections for secondary reactions were required, but the
reasons for the discrepancies are not clear. The preferred
value for k is a simple average of the 4 reported values."">>°
In the absence of experimental data a temperature depen-
dence cannot be recommended. Consistent with other radical
+ radical reactions, a small negative temperature coefficient
is expected. :

References

'E. Becker, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
Chem. 96. 776 (1992). ‘

2 A. Mellouki, R. K. Talukdar, A. M..R. P. Bopegedera, and C. J. Howard,
Int. J. Chem. Kinet. 25, 25 (1993).

3JUPAC, Supplement IV, 1992 (see references in Introduction).

4NASA Evaluation No. 11, 1994 (see references in Introduction).

5 A. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Chem. 92, 2229 (1988).

SR. B. Boodaghians, C. E. Canosa-Mas, P. J. Carpenter, and R. P. Wayne,
1. Chem. Soc. Faraday Trans. 2, 84, 931 (1988).

HO, + NO — HO + NO,

AH®=—32.4 kJ-mol™}

No new data have been published since our last evaluation.
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Preferred Values

3% 10712 cm® molecule™! s7! at 298 K.
7% 10712 exp(240/T) cm® molecule™! s~!
‘femperature range 230-500 K.

over the

Hinhility
log k=+0.1 at 298 K.
CAUY/R)=%£100 K.

{uminents on Preferred Values

““the preferred value at 298 K is a mean of the five deter-
winutions of Hack et al.,! Howard,? Leu,’ Howard and
whson,’ and Jemi-Alade and Thrush.’> The value reported
- (ilaschick-Schimpf et al.% of 1.1x 10~ ! cm® molecule™

35 high, but in agreement- within the stated uncertainty.
i !cmperature dependence is that reported by Howard” for
'ﬂ‘ wmhlned temperature range 232—1271 K, based on high

temperature data’ and the low temperature data of Howard. 2
This temperature dependence measured over a very large
temperature range is preferred to that reported by Leu’ (E/R
=130 K) obtained over a much smaller temperature range.
These preferred values are identical to those in our previous
evaluation, ITUPAC, 1992.°

References

1y, Hack, A. W. Preuss, F. Temps, H. Gg:- Wagner, and K. Hoyermann,
Int. J. Chem. Kinet. 12, 851 (1980).

2. 1. Howard, J: Chem. Phys. 71,.2352 (1979):

3M.-T. Leu, J. Chem. Phys. 70, 1662 (1979).

4C. 1. Howard and K. M. Evenson, Geophys. Res. Lett. 4, 437 (1977).

5A. A. Jemi-Alade and B. A. Thrush, J; Chem. Soc. Faraday Trans. 86,
3355 (1990).

1. Glaschick-Schimpf, A. Lexss, P. B. Monkhouse, U. Schurath, K. H.
Becker, and E. H. Fink, Chem. Phys. Lett. 67, 318 (1979).

7C. J. Howard, J. Am. Chem. Soc. 102, 6937 (1980).

8JUPAC, Supplement IV, 1992 (see references in Introduction).

H02 + N02 + M b d H02N02 + M

Abrre =105k -mol ™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ky=1.8% 10731 (77300)” 32 [N,] cm® molecule™
the temperature range 200-300 K.

OVCI'

feliability
Alog kg==0.10 at 298 K.
An=*1.

Comments on Preferred Values

The latest data of Jemi-Alade and Thrush! are consistent
with the series of earlier measurements reviewed in Refs. 2
and 3. Refinement of F, by calculations will lead to minor
modifications of k. '

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k,, =4.7% 1072 cm® molecule ™! s™!, independent of tem-
perature over the range 200-300 K.

Reliability
Alog ke, =
An==%1.

+0.2 at 298 K.

Comments on Preferred Values
A.temperature independent value of k., is chosen in agree-
ment with other reaction systems. Improved falloff extrapo-

lations would require measurements above 1 bar and the use
of a calenlated value of F, different from a fixed F.=0.6.
The preferred values of ky and k., are identical to our previ-
ous evaluation, JUPAC, 1992.*

References

1A A. Jemi-Alade and B. A. Thrush, J. Chem. Soc. Faraday Trans. 86,
3355 (1990).

2CODATA, 1980 (see references in Introduction).

3JUPAC, Supplement III, 1989 (see references in Introduction).

4TUPAC, Supplement IV, 1992 (see references in Introduction).
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HO,NO, + M — HO, + NO, + M

AH°=105 kJ-mol™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko=1.3x10"% [N,] s~ at 298 K.
ko=5%10"% exp(—10000/T) [N,] s~! over the tempera-
ture range 260-300 K.

Reliability
Alog kg==10.3 at 298 K.

A(E/R)==500 K.

Comments on Preferred Values

More studies of the dissociation reaction appear desirablv
By combining the preferred values with the correspondiny
recombination results, an equilibrium constant of K =1.x
x 10727 exp(10900/7) cm® molecule™! is obtained, in clos
agreement with the evaluation of Ref. 1.

High-pressure rate coefficients

No new data have been published since our last evaluation,

Preferred Values

k=034 s7! at 298 K.
» =2.6X10" exp(—10900/7) s~ over the temperature
range 260-300 K.

Reliabiliry
Alog k. =%0.5 at 298 K.
A(E/R)=+500.

Comments on Preferred Values
Because the falloff curves for recombination have been
determined more systematically, we have combined the cor-

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

responding high-pressure limit for the recombination reac
tion with the equilibrivm constant K, (see comment to pre-
ferred values of kj) to obtain k., . Since F.=0.6 was used foi
the falloff extrapolation of the recombination, an even large:
value of k. is expected if F,=0.4 is used.? These preferred
values of k; and k.. are identical to our previous evaluation.
TUPAC, 19923

References

'NASA Evaluation No. 11, 1994 (see references in Introduction).
2CODATA, Supplement I, 1982 (see references in Introduction).
3IUPAC, Supplement 1V, 1992 (see references in Introduction).
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HOZ + N03—) 02 + HNOa (1)
— HO + NO, + O, (2)
+223.4 kJ -mol !
<15.8 kJ-mol ™!
Rate coefficient data (k=k;+k;)
”fnk}]ééhh”‘ s7! Temp./K Reference Comments
s Rare Coefficients
92:0,8)x 10712 298 Becker; Rahman, and Schindler, 1992! (a)
TIx 1071 298 ’ _
%1071 2972 Mellouki et al., 1993% )
diing Ratios
0109 297 Mellouki et al., 1993 {b)
298 TUPAC, 19923 ©
298 NASA, 1994* @

5}

i)

Comments

D'is'charge flow system with resonance fluorescence de-
tection of ‘HO radicals. NO3 and HO, radical concen-

Arations -were measured by mass spectrometry: The O,

+ CH,OH reaction was used to generate HO, radicals,

-and 'NO; radicals -were produced by the F + HNO;
Jeaction. The HO, and HO radical time-dependence

was monitored in the presence of excess concentrations
0of NOj; radicals. The rate coefficient k; was inferred
from the enhanced loss of HO, radicals following the
attainment of a quasi-steady state of HO, and HO radi-
cals due to secondary reactions .of HO radicals with
NOj radicals reforming HO, radicals. Rate coefficients
k were obtained by computer simulation using a com-

- plex-mechanism, taking account of secondary reactions

of HO and HO, radicals including wall loss. The aver-

‘age:values from 10 experiments is reported and the
-enor linits refer to precision only.

Discharge flow system with LMR detection of HO and
HO, radicals and NO,. The H + O, + M reaction was
used to generate HQ, radicals. NO; radicals were pro-
duced by three methods: F + HNO;, Cl1 + CINO;, and
thermal decomposition of N,Os and detected by titra-
tion ‘with NO and monitoring the NO, product. NO;
radicals were in >30 fold excess over HO, radicals
and C,F;Cl was added to scavenge the HO radical
product. The rate coefficient k& was determined under
psuedo first-order conditions. The average value of k
was reported with estimated overall accuracy. The
branching ratio is based on computer simulation of ab-

‘solute time-dependencies of HO and HO, radicals us-

ing a'simple mechanism.

(c) Mean of the values from Mellouki ef al.” and Hall
et al.

(d) Weighted-average of data from Mellouki et al. .2 Hall

‘et al.® and Becker et al.!

Preferred Values

k=4.0%10"12 cm® molecule™! 57! at 298 K.

Reliability
Alog k=*0.2.

Comments on Preferred Values

The two new measurements of this rate constant, using
discharge flow techniques at room temperature, are in rea-
sonably good agreement. While the measurement. of the
overall rate constant (k;+k,) by Becker et al.' is in good
agreement with the two earlier determinations of (4.5 1.4)
X1072 cm® molecule™! s7!5 and 4.1x1071? cm?
molecule ™! 5715 the result of Mellouki e al.? is 30% lower.
The three earlier studies!>® propose that both channels (1)
and (2) occur, but the branching ratio from the HO yields
measured by Mellouki e7 al.,> which appears to be the most
direct determination, suggests near a 100% reaction via the

" second channel. The preferred value for k is a weighted av-

erage of the 4 reported values.">® No recommendation is
made for the branching ratio because of the experimental
uncertainties. A temperature dependence was reported by
Hall ez al.,® with k=2.3X 1072 exp[(170£270)/T] cm® mol-
ecule™! s, but because of the large uncertainty no recom-
mendation is given. In line with other radical + radical re-
actions, a small negative temperature coefficient is expected.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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References
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Chem. 96, 776 (1992).
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NH, + O, — products

Rate coefficient data

kicm® molecule™! 7! Temp./K Reference Comments
Relative Rate Coefficients
<6x107% 296 Tyndall er al., 1991} (a)
Reviews and Evaluations
<3x10718 298 IUPAC, 19922 ()
<6x107% 298 NASA, 19943 (©
Comments coefficient for all channels leading directly or indirectly to

(a) Photolysis of NH; in the presence and absence of ex-
cess 0,. NO, NO,, and N,O. products were measured
by FTIR spectroscopy. The upper limit to the rate co-
efficient was based on a computer simulation with a
complex reaction mechanism.

(h) Based on the measurements of Tesclanx and Nemissy,*
Cheskis and Sarkisov,5 Patrick and Golden,6 Lozovsky
et al.,” and Michael et al.®

(c) Based on the data of Tyndall et al.

Preferred Values
k=<6>x10"2! cm® molccule™! s™! at 298 K.
Comments on Preferred Values
This reaction has several energetically feasible product

channels, including NO + H,0 and HNO + HO. The new
measurements of Tyndall er al.! of the upper limit to the rate

NO, NO, and N, O confirm earlier.conclusions that the reac-
tion is very slow,*® and reduces the upper limit by three
orders of magnitude. Systematic uncertainties in the system
were identified which would cause an overestimate of - the
rate coefficient. The new upper limit is recommended, mak-

‘ing this reaction unimportant in the atmosphere.

References
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NH, + O; — products

No new data have been published since our last evaluation.

Preferred Values

k=1.7x10""13 cm® molecule™" s~ ! at 298 K.
k=4.9%10"12 exp(—1000/7) em> molecule™! s7! over
_ the temperature range 250-380 K.

Reliability
Alog k==*0.5 at 298 K.
A(E/R)==500 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Comments on Preferred Values

The preferred value is taken as the average of the results
reported by Kurasawa and Lesclaux,’ Bulatov et al.,? Hack
et al..? Patrick and Golden,” and Cheskis ef al.® The tempera-
ture dependence averages the values reported by Kurasawa
and Lesclaux,' Hack ef al.? and Patrick and Golden.* Al-
though the products of this reaction have not been deter-
mined, the most likely process is abstraction of an oxyger
atom by NH, to give NH,O + O,. While it has beer
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1l ' that NH, may be regenerated by reaction of
1 with Oy, the study of Patrick and Golden* indicates
e reaction must be slow. These preferred values are
~al 1o those in our previous evaluation, IUPAC, 1992.6
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—sNH+HO  (2)
—N,+H+HO (3)

517.5 kJ-mol ™!
‘ 18.4 kI-mol ™

No new data have been published since our last evaluation. .

Preferred Values (k=k;+ky+ k3)

10X 1071 em® molecule™! 57! at 298 K.

Fox 1071 exp(7/298) "1 cm® molecule™ s™! over
the temperature range 210-500 K.

chy)/k=0.1 at 298 K.

Sability

Viep k==%0.2 at 298 K.

Voo BOS.

Viks hy)/k==0.03 at 298 K.

cnunents on Preferred Values
the preferred value at 298 K is the average of the deter-
mations of Atakan ef al.' and Bulatov er al.? together with
¢ values reported in Refs. 3-13. The temperature depen-
i. e is based on the data below 500 K in the six tempera-
“ne dependence studies of Silver and Kolb,> Stief er al.,®
i osolx ef al.,'® Hack er al.,'® Atakan ef al.,! and Bulatov
cal’
t'he direct measurements of the branching ratio reported
Atakan ef al.! are the basis for the recommendation for
-1 ky)/k. Other, less direct, rate coefficient ratio determi-
t.hons are consistent with the value recommended, with the
weeption of the results of Andresen er al.” who report that
the production of HO dominates; this discrepancy has not
teen explained. The preferred values are identical to those in
“uir previous evaluation, [IUPAC, 1992.'
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NH2 + N02 — N20 + H2 (1)
— Nz + H,0, (2)

AH°(1)=—378 ki-mol™!
AH®(2)=—355 kJ-mol™*

No new data have been published since our last evaluation.

Preferred Values (k=k;+k)

k=2.0x10""" (77298)" % cm® molecule™! s! over the
temperature range 250-500 K.

Reliability
Alog k==+0.2 at 298 K.
An=%*0.7.

Comments on Preferred Values

The preferred value at 298 K is the average of the values
from Bulatov et al.,! Whyte and Phillips,2 Kurasawa and
Leclaux,3 Xiang et al.* and Hack et al.’ The temperature
dependence is the average from Refs. 1, 3, and 5. Hack
et al.,” using mass spectrometric analysis, determined that
the predominant reaction channel is channel (1) to give N,O

+ H,O, with at least 95% of the reaction proceeding by tln
channel. The preferred values are identical to those in o
previous evaluation, [IUPAC, 1992.5
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2NO + 0, — 2NO,

AH°=-114.1 kJ-mol™’

No new data have been published since our last evaluation.

Preferred Values

k=2.0%107% cm® molecule™2 s™! at 298 K.
k=3.3x10"% exp(530/7) cm® molecule™? s™! over the
temperature range 273-600 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)==400 K.

Comments on Preferred Values

This evaluation accepts the recommendation given in the
cvaluation by DBaulch et all Olbrcgts2 observed non-
Arrhenius behavior over the entire temperature range studied
and expressed k by a modified Arrhenius expression and also
as the sum of two Arrhenius expressions. However, from 250

K to about 600 K the total rate coefficient of Olbregts® is in
good agreement with the value calculated from the expres-
sion recommended here. Olbregts® interpreted his results in
terms of a multi-step mechanism involving NOj; or the dimer
(NO), as intermediates. For atmospheric modeling purposes,
the expression recommended here is adequate. The preferred
values are identical to those in our previous evaluation,
IUPAC, 1992
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NO+03—’N02+02

AH°=-199.8 kJ-mol™!

No new data have been published since our last evaluation.
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EVALUATED KINETIC, PHOTOCHEMICAL AND HETEROGENEOUS DATA

Preferred Values

#21.8X 107 cm® molecule™! s7! at 298 K.
b+ 1.8X1072 exp(—1370/T) cm® molecule™! s™! over
the temperature range 195-304 K.

Heliability
Mog k=*0.08 at 298 K.
A(E/R)=%200 K.

Comments on Preferred Values

The preferred Arrhenius expression is based on least-
mppares analysis of the data at and below room temperature
feported by Michael ez al.,! Borders and Birks,> Lippmann
¢t al.) Ray and Watson,* and Birks et al.,” with data at
¢loscly spaced temperatures reported by Borders and Birks?
snd Lippmann er al.® being grouped to give equal weight to
¢#ch of the five studies. The preferred expression fits these
danln to within 20%. Only data between 195 and 304 K were
used due to the nonlinear Arrhenius behavior observed by
Michael et al.,' Borders and Birks,” Birks ef al.,’ Clyne
eral.® and Clough and Thrush.” Michael eral,! Birks
# al.,”> Clyne et al.,° and Schurath ef al.® have reported indi-
vidnal Arrhenius parameters for each of two primary reaction
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channels {one to produce NO, in the ground electronic state
and the other to produce electronically excited NO,). Earlier
room-temperature results of Stedman and Niki® and Bemand
et al.'” are in good agreement with the preferred value. The
preferred values are identical to those in our previous evalu-
ation, IUPAC, 1992."
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A" =—40.5kI-mol ™"

Low-pressure rate coefficients

Rate coefficient data

4ofem® molecule ™! 57! Temp./K Reference Comments
Absolute Rate Coefficients :
{3.620.15)x 1073 [He] 208 Smith and Yarwood, 1986 (a)
5.50.8)X 10~ [Ar] 208
{4.220.3)X 1073 [He] . 206 Smith and Yarwood, 19872 (b)
{6.720.6)X 107 [Ar] 207
{5.020.4)x 1073 [Ne] 203
{9.120.7)X 1073 [N,] 208
{13.9%1.0)X 10”3 [CF,] 208
(2.8+1.4)X 1073 [Ar] 227 Markwalder, Gozel, and van den Bergh, 19933 (c)
(2.8%28)x1071 7707208 [Ar] 227-260
comments (CF,). Falloff curves were extrapolated using

{n}) Partial photolysis of N,O; in equilibrium NO,-
N,0,4-NO-N,05-He (or Ar) mixtures. The relaxation to
equilibrium was monitored by observing the transmit-
tance of a cw CO laser selected to coincide with the
v, band of N,O, at 1829.59 cm™!. The total pressure
was 190-660 Torr.

{(b)  Flash photolysis perturbation of NO,-N,0,-N,0; mix-
tures in excess of NO. N,O; was monitored at the v
band using a CO laser. Pressure was varied between
190-6970 Torr (He), 190-500 Torr (Ar), 248-6970
Torr (Ne), 166—-401 Torr (N,), and 132-441 Torr

F.=0.53, 0.60, 0.58, 0.62, and 0.65 for He, Ar, Ne,
N,, and CF,, respectively. Collision efficiencies
B.(He)=0.14, B.(Ar)=0.33, B.(Ne)=0.26,
B.(N,)=0.42, and B.(CF,)=0.60 were derived from
theoretical analysis of the data.

(¢) CO, laser-induced temperature jump measurements
with NO,-N,04-N,0;-NO-SiF,-Ar mixtures. Tem-
perature jumps of 0.5-3 K displace the equilibrium
towards NO and NO,. The subsequent relaxation to-
ward -equilibrium was monitored by UV absorption of
N,0O; at 253 nm. Ar concentrations were varied from

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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0.5 to 200 bar. Extrapolations towards the limiting rate
coefficients were made using F.=0.6. A collisional ef-
ficiency of B.(Ar)=0.3 was derived by theoretical
analysis.

Preferred Values

ko=2.3%107* (17300)~77 [Ar] cm® molecule ™" s~ over
the temperature range 208-300 K.

ko=3.1x107* (77300)~ 77 [N,] cm® molecule ™! s~ over
the temperature range 208~300 K.

Reliability
Alog ky=%0.3 at 298 K.
An==1.

Comments on Preferred Values

The preferred values for M=Ar are from Markwalde
et al.® The data recommended for M=N, are from rate co:
efficients of Ref. 3 for M=Ar after conversion by the ratio
ko(Np)/kg(Ar)=1.36 of Smith and Yarwood.’

High-pressure rate coefficients

Rate coefficient data

k. /cm® molecute™! 57! Temp./K Reference Comments
Absolute Rate Coefficients B
(34=x1)x10712 208 Smith and Yarwood, 19877 (a)
(5.8=1.6)x 10712 227 Markwalder, Gozel, and van den Bergh, 1993° (b)
(2.70.9)x 10715 71402 227-260

Comments
(a) See comment (b) for k.
(b) See comment (c) for k.

Preferred Values

ke =7.9X 10712 (7/300)* cm® molecule™! s~! over the
temperature range 208-300 K.

Reliability
Alog k. ==*0.3 at 298 K.
An==%0.5.

Comments on Preferred Values

The preferred values are those from Ref. 3 because larger
pressure ranges were investigated. At 208 K, the k., values
from Refs. 2 and 3 are in reasonable agreement.

References

'I. W, M. Smith and G. Yarwood, Chem. Phys. Lett. 130, 24 (1986).

21, W. M. Smith and G. Yarwood, Faraday Discuss. Chem. Soc. 84, 205
(1987).

3B. Markwalder, P. Gozel, and H. van den Bergh, J. Phys. Chem. 97, 5260
(1993).

N,O; + M — NO + NO, + M

AH°=40.5kJ-mo}™!

Low-pressure rate coefficients

Rate coefficient data

kof/s ! ‘Temp./K Reterence Comments
Absolute Rate Coefficients
5.0X 10" 778709 exp(—4880/T) [Ar] 225-260 Markwalder, Gozel, and van den Bergh, 1993 (a)

Comments

(a) CO, laser-induced temperature jump measurements
with NO,-N,0,-N,03-NO-SiF-Ar mixtures. Tem-
perature jumps of 0.5-3 K displace the equilibrium
towards NO and NO,. The subsequent relaxation to-
ward equilibrium was monitored by UV absorption of
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N,Oj; at 253 nm. Ar concentrations were varied from
0.5 to 200 bar. Extrapolations towards the limiting re-
combination rate coefficients were made - using
F.=06. A collisional efficiency of B.(Ar)=0.3 wa
derived by theoretical analysis. Dissociation rate coef
ficients were derived from the measured recombinatio
rate coefficients and the equilibrium constant fron
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Chao et al.? of K, =1.8X10% T ~! exp(—4880/T) mol-

ceule cm ™3,

Preferred Values

b= 16X 107 [N,] 7! at 298 K.

4y 14X 1077 (T7300)"87 exp(—4880/T) [Ar] s™! over
the temperature range 225-300 K.

4y 1.9% 1077 (77300)%7 exp(—4880/7) [N,] s~ over
the temperature range 225-300 K.
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Reliability
Alog ky==20.4 at 298 K.
An==%1.

A(E/R)=%200 K.

Comments on Preferred Values

The rate coefficients of Ref. 1 are adopted here for M
=Ar. The preferred values for M=N, are obtained by con-
verting kg(Ar) into kg(Ny) using kg(No)/ko(Ar)—1.36 from
Smith and Yarwood® (see reaction NO + NO, + M
— N,0; + M).

High-pressure rate coefficients

Rate coefficient data

Fore ! Temp./K

Reference Comments

ute Rate Coefficients

- jgHt (04200 exp(—4880/T) 225-260

Markwalder, Gozel, and van den Bergh, 1993} (a)

Caomments

st See comment (a) for k.

Preferred Values

L, =3.6x10% 571 at 298 K.
L, =4.7% 10" (T/300)%* exp(—4880/T) s~ ! over the tem-
perature range 225-300 K.

Keliability
AMog k, =*0.3 at 298 K.
An==1.

A(E/R)==x100 K.

Comments on Preferred Values
The preferred values are from Ref. 1, using the equilib-
rium constant of Ref. 2.

References

'B. Markwalder, P. Gozel, and H. van den Bergh, J. Phys. Chem. 97, 5260
(1993).

2. Chao, R. C. Wilhoit, and B. J. Zwolinski, Thermochim. Acta 10, 359
(1974).

3. W. M. Smith and G. Yarwood, Faraday Discuss. Chem. Soc. 84, 205
(1987).

NO + NO; — 2NO,

Al =-97.6 k}-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=2.6X10""" cm® molecule™! s~! at 298 K.
k=1.8X 107" exp(110/T) cm® molecule™! s™! over the
temperature range 220-400 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)==100 K.

Comments on Preferred Values

The preferred 298 K rate coefficient is the average of the
room temperature values reported by Hammer et al.,! Sander
and Kircher,” and Tyndall ef al.,> which are in excellent
agreement. The preferred temperature dependence is the av-
erage of the temperature dependences reported by Sander
and Kircher? and by Tyndall et al.,> which are in excellent
agreement. The preferred values are identical to those in our
previous evaluation, IUPAC, 1992.*
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References
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NO, + O; — NO; + O,

AH°=-102.2 XJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=3.2x107"7 cm® molecule ™! s7! at 298 K.
k=12%10"1 exp(—2450/T) cm® molecule™! s~} over
the temperature range 230-360 K.

Reliability
Alog k=*+0.06 at 298 K.
A(E/R)=+150 K.

Comments on Preferred Values

The preferred values are based on the data on the three
temperature-dependent studies of Davis er al.,' Graham and
Johnston,” and Huie and Herron.> The results of Cox and
Coker” are in excellent agreement with this recommendation.

The results of Verhees and Adema’ show a similar temper:
ture dependence but a higher preexponential factor. It wa-
shown that wall reactions played an important role in thi-
study.’ The preferred values are identical to those in ou
previous evaluation, JUPAC, 19925
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1775 (1974). ’

2R. A. Graham and H. S. Johnston, J. Chem. Phys. 60, 4628 (1974).
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4R. A. Cox and G. B. Coker, J. Atmos. Chem. 1, 53 (1983).

SP. W. C. Verhees and E. H. Adema, J. Atmos. Chem. 2, 387 (1985).
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N02+N02+M~—)N204+M

AH°=-57.3kJ-mol ™"

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule™? 57! Temp./K Reference Comments
Absolute Rate Coefficients )

(1.420.2)x 1073 [N,] 298 Borrell, Cobos, and Luther, 1988’ (a)

(2.4+0.5)x 10~ [He] 224 Brunning, Frost, and Smith, 1988° (b)

(1.0%0.1)X 1073 [N,] 224

(1.8£0.3)x 1073 [CF,] 224

(2.120.2)X 10712 790209 1] 255-273 Markwalder, Gozel, and van den Bergh, 1992° (c)
Reviews and Evaluarions

47%107% exp(860/T) [N,] 250-350 Baulch, Drysdale, and Horne, 1973 (@

Comments

(a) Relaxation of NO,-N,0,4-N, mixtures after laser flash
photolysis of N,O, at 248 nm. The relaxation to equi-
librium was observed by measuring the change in
N, O, absorption at 220 nm. Falloff curves (1-207 bar)
were extrapolated with F =040 and N=1.26 From a
theoretical analysis in terms of the unimolecular rate
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theories, an average energy transferred per collision of
—560 cm ™! was derived.

(b) Perturbation of equilibrium mixtures of N,O,4 and NO,
by photolysis of a fraction of the N;O4. The relaxation
rate was monitored by IR absorption of N,O,4 at 1565.5
cm™!. Relative collisional efficiencies of B.(He) :
B(N,): B(CF,)=0.2:1: 1.9 were reported.

(c) Temperature jumps of the order of 1 K were induced
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hy. IR absorption of SiF, in equilibrium mixtures of
N0,-N,0,-He-SiF,. The kinetics of the relaxation to
equilibrium were followed by measuring the NO, and
N0, concentrations by absorption spectroscopy at 420
and 250 nm, respectively. Falloff curves (0.3~200 bar)
wvere extrapolated with F,=0.52 and N=1.10.

Based on'data for the reverse reaction previous to 1970
~und their tabulated equilibrium constant.*

Preferred Values

14X 1073 (77300) ™38 [N, ] cm® molecule ™! s7! over
the temperature range 300-500 K.

Reliability
Alog %,==0.3 at 298 K.
An=*1.

Comments on Preferred Values

The preferred values are from the most extensive data of
Ref. 1, where a complete falloff curve was measured. Earlier
less extensive measurements are in reasonable agreement
with this curve, which uses F.=0.40. The temperature de-
pendence given is from the theoretical modeling of Ref. 1,
rather than the limited experimental information of Ref. 3.

High-pressure rate coefficients

Rate coefficient data

i molecule™! s71 Temp./K

Reference Comments
#snafuge Rate Coefﬁcient& .
i3 L)X 10718 298 Borrell, Cobos, and Luther, 1988' (a)
740.3)x 10718 7(23%02) 255-273 Markwalder, Gozel, and van den Bergh, 1992* (b)
Comments Reliability

8 See comment (a) for k.
by Sce comment (b) for k.

Preferred Values

&, =1.0X 1072 cm® molecule ™! s™!, independent of tem-
perature over the range 250-300 K. '

Alog ke, ==0.3 over the temperature range 250-300 K.

Comments on Preferred Values

The preferred rate coefficient is the mean of the values of
Borrell ef al.' and Markwalder et al.® The temperature de-
pendences of 4y and %, derived from the measurements of

Ref. 3 appear unrealistic and are due to fitting of incomplete
falloff curves.

‘Intermediate falloff range

Rate coefficient data

s’ molecule™! 57! P/Torr M Temp./K Reference Comments
Aclative Rate Coefficients
1K 1071 60 Ar 258 Gozel, Calpini, and van den Bergh, 1984° (a}
[N T 770 Ar 258
Comments 23. Brunning, M. J. Frost, and I. W. M. Smith, Int. J. Chem. Kinet. 20, 957

i) Temperature-jump relaxation study, similar to Com-
ment (c) for kqg.

References
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SP. Gozel, B. Calpini, and H. van den Bergh, Isr. J. Chem. 24, 210 (1984).

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997



592 ATKINSON ET AL.

N204+M—)N02+N02+M

AH°=573kJ-mol™}

Low-pressure rate coefficients

Rate coefficient data

kofs™! Temp./K Reference Commeni
Absolute Rate Coefficients

1.29X1073(17300) > exp(— 6460/T) [N,] 300-500 Borrell, Cobos, and Luther, 1988' (a)

1.6X 101 T (7100210) ey ol — (6790+700)/T] [He] 255-273 Markwalder, Gozel, and van den Bergh, 1992° (b)
Reviews and Evaluations

4.2%1077 exp(—5550/T) [N,] 250-350 Baulch, Drysdale, and Horne, 19733 (c)

Comments

(a) Relaxation of NO,-N,0,-N, mixtures after laser flash
photolysis of NyOy4 at 248 nm. The relaxation to equi-
librium was observed by measuring the change in
N, O, absorption at 220 nm. Falloff curves (1-207 bar)
were extrapolated with F.=0.40 and N=1.26. The
equilibrium constant from Ref. 4 was employed.

(b) Temperature jumps of the order 1 K were induced by
IR absorption of SiF, in equilibrium mixtures of
NO,-N,0,4-He-SiF,. The kinetics of the relaxation to
equilibrium were followed by measuring the NO, and
N, O, concentrations by absorption spectroscopy at 420
and 250 nm, respectively. Falloff curves (0.3-200 bar)
were extrapolated with F,=0.52 and N=1.10. Equilib-
rium constants from Ref. 5 were employed.

(¢) Based on the shock-wave stdies of Refs. 6 and 7.

Preferred Values

kp=6.1X10"" [N,] s~ ! at 298 K.
kg=1.3X10 * (17300) *® exp(—6400/7) [N,] s~ oves
the temperature range 300-500 K.

Reliability
Alog kyp==x0.3 at.298 K.
A(E/R)=*x500 K.

Comments on Preferred Values

The preferred values are from the measurements of Ref. |
in combination with the equilibrium constants from Ref. 4.
These data are based on the most complete falloff curve at
300 X, using F.=0.40. The temperature dependence is from
a theoretical analysis, in good agreement with the evaluation
from Ket. 3.

High-pressure rate coefficients

Rate coefficient data

ko /st Temp./K Reference Comments
Reviews and Evaluations
7.7X 10%(77300) ! exp(—6460/T) 300-600 Borrell, Cobos, and Luther, 1988’ (a)
2.8X 10" T3=02) expl —(6790+700)/T) 255-273 Markwalder, Gozel, and van den Bergh, 1992° (b)
Comments Reliability

(a) See comment (a) for k.
(b) Scc comment (b) for k.

Preferred Values

- =4.4x10° s™! at 298 K.
k. =1.15X10% exp(—6460/T) s~! over the temperature
range 250-300 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Alog k. ==*0.4 at 298 K.
A(E/R)==500 K.

Comments on Preferred Values

The preferred rate coefficient at room temperature is the
average of the values of Borrell et al! and Markwalder
ef al* The recommended temperature coefficient corre-
sponds to a temperature-independent value of k.. for the re-
verse recombination.
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Intermediate falloff range

Rate coefficient data

P/Torr M Temp./K Reference Comments
sagive Rate Coefficients
e 760 NO,/N,0, 298 Fiedler and Hess, 1990° (a)
081070 2.2-6.5 NO,/N,0, 298 Van Roozendael and Herman, 1990° (b)
Comments

isi  ("hemical relaxation of N,O, was studied by Ar ion
jaser excited acoustic resonances of a cylindrical cav-
ily. The reaction was investigated by measuring reso-
nances profiles of the first radial mode. An activation
energy of 36 kJ mol ™! was derived between 273 and
317 K. The efficiency of collision varied between 0.96
and 0.5 over the range 273-317 K.

s} Nonresonant optoacoustic experiments in NO,-N,O4
mixtures. NO, was monitored by IR absorption at 1601

em™h
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N02+N03+M—)N205+M

347+ ~95.6 kJ-mol ™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

Ly 2.7% 10730 (77300) ™34 [N,] cm® molecule ™! s™! over
the temperature range 200-400 K.

Keliability
Alog ky==%0.10 at 298 K.

Comments on Preferred Values

The results of Orlando ef al.! are in excellent agreement

with our previous recommended values,? which are also
adopted here.

High-pressure rate coefficients

Preferred Values

k. =2.0%10712 (7/300)°? cm® molecule™ s™! over the
temperature range 200-500 K.

Keliability
Alog k. ==%0.2 at 298 K.
An==%x0.6.

Comments on Preferred Values

Very good agreement between the rate coefficients re-

ported by Orlando e? al." and our previously recommended-
values? are observed. The preferred values are identical to
our previous evaluation, JUPAC, 1992.2

References
13. 1. Orlando, G. S. Tyndall, C. A. Cantrell, and J. G. Calvert, J. Chem.

Soc. Faraday Trans. 87, 2345 (1991).
2IUPAC, Supplement IV, 1992 (see references in Introduction).
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AH°=95.6k]-mol ™’

ATKINSON ET AL.

N,O5; + M — NO, + NO; + M

Low-pressure rate coefficients

Rate coefficient data

kols™! Temp./K Reference Commerits
Absolute Rate Coefficients

1.04% 1073 (77300) 33 exp(—11000/T) [N,] 253-384 Cantrell et al., 1993! (a)
Reviews and Evaluations

2.2X1073(77300)” *“ exp(—11080/T) [N,] 220-300 IUPAC, 19922 (b)

8.2X 10~ 4(77300) ~3? exp(—11000/T) [air] 200-300 NASA, 1994° (©

Comments

(a) Thermal decomposition of N;Os in the presence of NO
in N,. FTIR analysis of N;O, in a stainless steel cell
equipped with multiple path optics. Falloff curves over
the gas density 4.3X 10' to 1.1X 10% molecule cm™3
were analyzed ‘ using F.=[2.5 exp(—1950/T)+0.9
exp(—7/430)]. In the analysis, data from Refs. 4 and 5
were also taken in account.

(b) Based on the recommendation of a previous
evaluation.®

{c) Rate coefficients evaluated from the recommended rate
coefficients for the reverse reaction and the equilibrium
constant.

Preferred Values

kp=9.5%10"2 [N,] s~! at 298 K.

ko=1.0X1072 (7/300) 3% exp(—11000/T) [N,] s" over-
the temperature range 200-400 K.

Reliability
Alog ky=%+0.2 at 298 K
An==x0.5.

Comments on Preferred Values

The recommended values of the previous evaluation” have
been slightly modified according to the recent study of
Cantrell ef al.! In this way both the preferred values of the
recombination and dissociation low-pressure rate coefficients
and the recommended values for the recombination and dis-
sociation high-pressure rate coefficients are internally consis-
tent through the same equilibrium constant. The equilibrium
constant at room temperature of 2.3X 10! cm® molecule™
compares well with other recently reported values.”®

High-pressure rate coefficients

Rate coefficient data

k. Jom® molecule ™ 57! Temp./K Reference Comments
Absolute Rate Coefficients i

6.22X 10" (77300)~°* exp(—11000/T) 253-384 Cantrell e al., 1993! (a)
Reviews and Evaluations

9.7X 10'(7/300)*! exp(—11080/7) 200-300 TUPAC, 19922 {b)

5.5x 10" (77300)~°%7 exp(—11000/T) 200-300 NASA, 10043 ()

Comments

(a) See comment (a) for k.
(b) See comment (b) for k.
(c) See comment (c) for k.

Preferred Values

k. =6.9%x10"2 571 at 298 K.

J.- Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

k., =9.7% 10" (77300)*! exp(—11080/T) s~! over the
temperature range 200-300 K.

Reliability
Alog k, ==*0.3 at 298 K.
An=%+0.2.

Comments on Preferred Values
The preferred values are identical to our previous evalua-
tion, TUPAC, 1992, and agree well with the recent
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saynation.” For the equilibrium constant, see comments
yred values for &p.
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SCODATA, Supplement I, 1982 (see references in Introduction).

5. Hjorth, J. Notholt, and G. Restelli, Int. J. Chem. Kinet. 24, 51 (1992).

8H. 0. Pritchard, Int. J. Chem. Kinet. 26, 61 (1994).

N205 + Hzo — 2HN03

= 39,6 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

4+ 2% 107" cm® molecule™" 57! at 298 K.

i

“amments on Preferred Values

“Fhis upper limit is based on the data of Tuazon et al.)!
Atkinson ef al.,? Hjorth ez al.,> and Hatakeyama and Leu.* It
passible that the observed decays proceed only by heter-
nous processes. While the lower value of Sverdrup ez al’
. in fact be closer to the value of the rate coefficient for
» homogeneous gas phase reaction, because it is less direct
¢ prefer the more conservative recommendation given here.
“¥his preferred value is identical to that in our previous evalu-
aion, 1UPAC, 1992.°

References

'E, C. Tuazon, R. Atkinson, C. N. Plum, A. M. Winer, and J. N. Pits, Jr.,
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1565 (1987). v

4S. Hatakeyama and M.-T. Leu, J. Phys. Chem. 93, 5784 (1989).
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191 (1987).

STUPAC, Supplement 1V, 1992 (see references in Introduction).

HONO + hv — products

Primary photochemical transitions

AH°/kJ-mol™! M threshoig/ ML
Siiﬁi;\'() + hv — HO + NO 1) 200 572
— H + NO, (2) 331 361
- HNO + OCP) (3) 428 280
Quantum yield data
Ajeasurcient 'W'avciéngliu’nm Reference Coinenis
i) 355 Burkholder er al., 1992! (a)
Comments at 355 nm. HO radicals were produced via the reaction:

th)  Relative yield of H atoms inferred from secondary HO
production observed in the laser photolysis of HONO

H + NO, — HO + NO, involving impurity NO,. The
data obtained were consistent with ¢, =0.1 at 355 nm.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values

Absorption cross-sections at 298 K

A/nm 10%g/cm? Afnm 10%g/cm? Nnm 10%g/cm?
190 127 260 8.0 330 10.9
195 172 265 52 335 7.7
200 197 270 3.4 340 19.7
205 220 275 2.5 345 1.2
210 214 280 - 350 13.4
215 179 285 - 355 276
220 146 290 - 360 9.4
225 120 295 - 365 18.8
230 86 300 0.0 370 24.0
235 60 305 0.8 375 5.7
240 42 310 1.9 380 10.8
245 30 315 2.9 385 16.9
250 18.5 320 5.2 390 2.3
255 124 325 5.8 395 0.7

Quantum Yields

b1+ do+ ¢$3=1.0 throughout this wavelength range.
¢;=1.0 at A>366 nm, decreasing to 0.4 at A =310 nm.
¢,=0.0 at A>366 nm, increasing to 0.6 at A=310 nm.

Comments on Preferred Values

The preferred values for the cross-sections in the 300-395
nm range, which are unchanged from our previous ITUPAC
evaluation,” are obtained from the data of Bongartz er al.’ by
averaging their 0.5 mm intervals centered on the wavelengths
specified in the table.

The laser photolysis experiments of Burkholder er al.! in
the first absorption band at 355 nm show strong indirect
evidence for the production of H atoms in HONO photolysis

at wavelengths below the threshold for reaction (2), as orig
nally proposed by Cox.* Further evidence for an increasis
contribution from reaction (2) with decreasing wavelength 1
the first absorption band comes from a comparison of (i
relative absorption spectra determined by conventional ligh:
absorption metheds and by laser photofragment spectroscop:
of the HO radical product from channel (1). When the spec
tra are normalized to peaks at A >370 nm, the cross-section
values of Vasudev® at \ <2350 nm obtained from the HO
radical yield are consistently smaller than those measured in
absorption by Bongartz ez al.> The difference increases ap
proximately linearly to approximately 60% at 310 nm. Thi:
difference could be attributed to a decrease in ¢(HO) from
unity at 366 nm to 0.4 at 310 nm. The balance could b
attributed to H atom production, ¢,, with ¢, + #,=1.0 in
the first absorption band.

In the second absorption band, cross-sections over the
range 185-275 nm are based on the data of Kenner er al..
which also show that reaction (1) is the main photodissoci:
tion channel in this region. However, in view of the clew
indication of H atom production in the first absorption band
a contribution from reaction (2) at shorter wavelengths
seems likely. :

References

'J. B. Burkholder, A. Mellouki, R. Talukdar, and A. R. Ravishankara, Int.
J. Chem. Kinet. 24, 711 (1992).

2JUPAC, Supplement 1V, 1992 (see references in Introduction).

3A. Bongartz, J. Kames, F. Welter, and U. Schurath, J. Phys. Chem. 95.
1076 (1991).

“R. A. Cox, . Photochem. 3, 175 (1974).

SR. Vasudev, Geophys. Res. Lett. 17, 2153 (1990).

SR. D. Kenner, F. Rohrer, and F. Stuhl, J. Phys. Chem. 90, 2635 (1986).

HONO, + hv — products

Primary photochemical transitions

Reaction AH°/KJ-mol™’ N thresholg/ N
HONO, + hv — HO + NO, (1) 200 598

— HONO + O(’P) 2) 298 401

— H + NO; (3) 418 286

— HONO + 0('D) @) 488 245

— HO + NO + OC°P) (5) 499 239

Absorption cross-section data

Wavelength range/nm

References

Comments

195-350

Burkholder er al., 1993! (a)

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Comments

The temperature dependence of HNO; absorption
cross-sections were measured using a diode array spec-
trometer with a resolution of <0.4 nm between 240
360 K. Absorption cross-sections were determined us-
ing both absolute pressure measurements at 298 K and

597

a dual cell arrangement to measure absorption at vari-
ous temperatures relative to 298 K. A review of all
previous experimental values was given together with
an assessment of temperature-dependence effects on
the stratospheric photolysis rates of HNO;.

Quantum yield data

surement Wavelength/nm Reference Comment
2 10), J[OCP)], 248, 222, 193 Turnipseed et al., 1992 (b)
2 00y, @ [HE3S)]
248, 193 Schiffman, Nelson, and Nesbitt, 19933 (c)
aeiidid), ¢(5) 193 Felder, Yang, and Huber, 1993* (d)
Comments of HONO, photolysis at 193 nm. The primary pro-

Quantum yields for HO radicals, O[(*P)+('D)] atoms,
O('D) atoms and H atoms were measured in pulsed
laser photolysis systems at 248, 222, and 193 nm, using
LLITF detection for HO(XZI—I) radicals and atomic reso-
nance fluorescence for O(*P) and H(2S) atoms. ¢ [HO]
was measured relative to the yield of HO radicals from
H,0, photolysis (¢ [HO]=2.0 at 248 nm* and ¢
[HOJ=1.5 at 193 nm®). ¢ [O{*P)+('D)}] was mea-
sured relative to the O atom yield from ozone photoly-
sis at 248 nm (¢=1) and 193 nm (¢=1.2).% ¢ [H
(“S)] was measured relative to the H atom yield from
the photolysis of Os/H, mixtures where the H atoms
are produced in the O('D) + H, reaction. Measure-
ments gave: ¢ [HO]=0.95%+0.09 at 248 nm, 0.90
+(0.11 at 222 nm, and 0.33+0.06 at 193 nm.
¢ [O{(PP)+('D)}] was observed to be 0.031+0.010,
.20%0.03, 0.81%0.13 at 248, 222, and 193 nm respec-
tively, with exclusively O(°P) production at 248 nm.
¢ [O('D)] was 0.0740.03 at 222 nm and 0.28%0.13
at 193 nm. H atom yields were very low; only at
193 nm were any H atoms detected with ¢ [H(2S)]
<0.012.

Absolute quantum yields were measured for HO radi-
cal production from 248 nm and 193 nm pulsed laser
photolysis of HNO; and H, 0O, in a flow tube. HO radi-
cals were detected by tunable diode laser absorption.
¢ [HO] was measured to be 0.47=0.06 and 0.75+0.10
at 193 and 248 nm, respectively. Equivalent values for
HO radical yields from H,0, photolysis were
$=1.22+0.13 and ¢=1.58%0.23, respectively.
Photofragment translation spectroscopy investigation

cesses and their relative yields were deduced from pho-
tofragment time-of-flight signals at masses 16
(0™), 17 (OH™), 30 (NO™), and 46 (NO;). Relative
vields for reactions (1) and (4) of 0.6+0.1 and 0.4
*0.1, respectively, were obtained. Hot NO,
photofragments were produced in reaction (1) in the
ratio 2:1, relative to stable NO,, leading to production
of O(*P) atoms via reaction channel (5).

Preferred Values

Absorption cross-sections at 298 K*

Nomo 100%fcm®  10° BKT' Namo 10%c/em®  10° BK!
190 1360 0 270 1.62 145
195 1016 0 275 138 1.60
200 588 1.66 280 1.12 1.78
205 280 175 285 0.858 1.99
210 104 197 290 0.615 227
215 36.5 217 295 0412 261 -
220 149 215 300 0.263 310
225 8.81 1.90 305 0.150 3.64
230 5.75 1.80 310 0.081 4.23
235 3.5 1.93 315 0.041 520
240 2.58 197 320 0.020 645
245 2.11 1.68 325 0.0095 7.35
250 197 1.34 330 0.0043 9.75
255 - 1.95 1.16 335 0.0022 10.1
260 1.91 1.14 340 0.0010 11.8
265 1.80 1.20 345 0.0006 112
350 0.0004 9.30

*Temperature dependence given by the expression: log.o=log.c(298)
+B(T—298) with T in K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Quantum vyields

A/nm
=248 222 193
d(1)+o(5) >0.97 0.90%0.10 0.60+0.20
d(2) 0.03+0.03
é(3) <0.01 <001 0.0
&(4) 0.10%0.10 0.39%0.20
@(5) 0.13£0.03 0.4020.20

Comments on Preferred Values

The new results of Burkholder ez al.! for the cross-section
provide a high quality and comprehensive data set over the
range of temperatures and wavelengths of significance for
the atmospheric photolysis of HNO;. Over the wavelength
range 205-310 nm there is good agreement with the earlier
studies of Rattigan er al.,® Biaume,® Molina and Molina,’ and
Johnston and Graham.® At A <205 nm, the data from differ-
ent studies show small but unexplained discrepancies. At
A>310 nm the room temperature results' are increasingly
higher than all previously reported data except that of Ratti-
gan et al.,” which is in good agreement. Values recom-
mended previously by NASA® and TUPAC'® on the basis of

earlier data are therefore too low. The preferred values are

those given by Burkholder et al.!

The temperature dependence reported by Burkholder
etal! is weaker than that reported previously by Rattigan
et al.’ However. if the data at the lowest temperature (239 K)
from Ref. 5 is omitted the agreement is good, and
Burkholder er al.! give values for the temperature coeffi-
cient, B, based on the two data sets'” (excluding the 239 K
data from Ref. 5), and these are adopted here.

The new data for the quantum yield confirm that, although
reaction (1) is the dominant channel at A=260 nm with
¢(1) close o unity, other channels Lecome important at
shorter wavelengths as suggested by the earlier work of Ken-
ner et al.'’ The results of Turnipseed ef al.? and Schiffman
et al.® are in excellent agreement at 248 nm when the relative
measurements of Turnipseed ef al.? are normalized to the
same value of the quantum yield for HO radical production
from H,0,. The agreement is less good at 193 nm, where the
direct measurements of Schiffman et al.® give an HO radical
yield higher by about 50%. The value of ¢(H,0,) obtained
by Schiffman ez al.® is about 25% lower at both 248 and 193
nm than the values obtained by Vaghjiani er al.'” (2.0 at 248
nm and 1.5 at 193 nm) which are recommended in the
present evaluation.

The preferred values of the quantum yields ¢(1) + ¢(5)
[HO production] are based on the indirect studies of
Johnston ef al.'® and the direct observations of Jolly er al.'*

" J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

at 222 nm, Turnipseed et al. ,2 and Felder ez al.* The data o
Schiffman ez al.? are not used in view of the inconsistency o
their absolute ¢(HO) values for H,O, dissociation. At 193
nm, O-atom production becomes a major channel but HO
and O production is not mutually exclusive since reaction (5)
can occur at A<239 nm, either through excited NO;‘ or
HONO*. Felder eral* show that @(5)=0.4 at 193 nm.
Ground state HONO is the likely co-product of O( D) atoms
and hence the data of Turnipseed ez al.? imply ¢(4)=0.28 at
193 nm and 0.074 at 222 nm, which is consistent within the
experimental uncertainty with the results of Felder ez al.* In
the absence of direct measurements of HONO at longer
wavelengths, @(2) cannot be determined; this channel is
probably responsible for the small amount of O-atom pro-
duction at A=239 nm, as measured, for example, by Mar-
gitan and Watson'> with ¢ [O(?P)}=0.03 at 266 nm. The
data of Turnipseed er al.? show that H atom production, and
hence #(3). is significant only at 193 nm with
#(3)=<0.012.
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HO,NO, + hv — products

Primary photochemical transitions

AHC/k-mol™! p——r
14H0O: 4 hy =~ HO, + NO, (1) 105 1141
— HO + NO; (2) 170 704
Preferred Values Comments on Preferred Values
The preferred absorption cross-section values are based on
Absorption cross-sections at 296 K the data of Singer ez al.' and Molina and Molina,? which are

in excellent-agreement at wavelengths between 210-300 nm.
Between 300 and 320 nm the cross-sections of Singer er al.!
1010 260 284 are approximately a factor of 2 lower. A simple mean of the
816 265 229 two data sets is taken over the whole range.

10%¢/cm? A/nm 10%0/em?

ggg ;7/(5) ﬁg For the quantum yield we recommend values based on the
239 280 93 measurements of Mac Leod et al.,® with a small upward re-
161 285 6.2 vision to take into account the present recommendation for
118 290 3.9 the absorption cross-section for H,O,. The uncertainties on
93.2 295 24 the quantum yields are large and it should be noted that they
78.8 300 1.4 .

680 305 0.85 are based on data at a single wavelength. The preferred vai-
57.9 310 0.53 ues are identical to our previous evaluation, [IUPAC, 1992.%
49.7 315 0.39

41.1 320 0.24

349 325 0.15

330 0.09 References

'R. 1. Singer, J. N. Crowley, J. P. Burrows, W. Schneider, and G. K.
Moortgat, J. Photochem. Photobiol. 48, 17 (1989). )

2L. T. Molina and M. J. Molina, J. Photochem. 15, 97 (1981).

) . 3H. Mac Leod, G. P. Smith, and D. M. Golden, J. Geophys. Res. 93, 3813
&1=0.61. (1988).

$3=0.39. 4IUPAC, Supplement IV, 1992 (see references in Introduction).

Quantum Yields

NO, + hv — products

Primary photochemical transitions

Kesction _ AHC°/KJ-mol ™! N threshola/DITL
NO; + hv — NO + OC°P) (1) 300 398
..— NO + O('D) (2) 490 244

Absorption cross-section data

Wivelength range/nm Reference Comments
440-460 Amoruso et al., 1993 (a)
310570 Hawoud aud Joues, 19947 )

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Comments

(a) Measurements of the NO, absorption cross-section in a
limited Wavelength range, with estimates of the
NO,-N,0;, equilibrium constant.

(b) Cross-sections measured over the temperature range of
213-298 K and with NO, concentrations of (1.5-20.0)
X 10" molecule cm™> using a diode array spectrom-
eter. Absorption due to N,O, was corrected for using
data for the cross-sections for N,O, and K, for dimer-
ization of NO, determined simultaneously in the same
experiments. The spectral resolution was 0.54 nm
FWHM. Averaged cross-sections over 5 nm intervals
were given as well as high-resolution data.

Preferred Values

Absorption cross-sections®

A/nm 10%g/cm? A/nm 10®g/cm? A/mm 10®g/cm?
190 315 21.53 440 45.52
195 320 24.77 445 46.58
200 325 28.07 450 47.58
205 43.06 330 31-33 455 40.02
210 47.20 335 34.25 460 41.85
215 © 49.54 340 37.98 465 39.65
220 45.61 345 40.65 470 32.38
225 37.88 350 43.13 475 36.78
230 27.39 355 47.17 480 31.97
235 16.69 360 48.33 485 24.19
240 9.31 365 51.66 490 28.95
245 4.74 370 53.15 495 27.09
250 2.48 375 55.08 500 17.22
255 1.95 380 56.44 505 22.48
260 2.24 385 57.57 510 21.61
265 2.73 390 59.27 515 14.95
270 4.11 395 58.45 520 15.00
275 4,90 400 60.21 525 16.58
2380 592 405 57.81 530 14.18
285 7.39 410 59.99 535 9.88
290 9.00 415 56.51 540 10.10
295 10.91 420 58.12 545 11.83
300 13.07 425 53.81 550 10.17
305 15.73 430 50.81 555 7.34
310 18.61 435 51.70 560 5.62

565 7.87

?Absorption cross-sections in the range 190~-565 nm, averaged over 5 nm
intervals, are independent of temperature.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Quantum Yields

A/nm ¢ A/nm &

A/nm o0
<310 1.00 370 0.98 406 0.2
315 0.99 375 0.98 408 0.1:
320 0.99 380 0.97 410 0.1+
325 0.99 385 0.97 412 0.0m
330 0.99 390 0.96 414 0.0°
335 0.99 392 0.96 416 0.0>
340 0.99 394 0.95 418 0.0+
345 0.99 396 0.92 420 0.4
350 0.99 398 0.82 422 0.01
355 0.99 400 0.82 424 0.00
360 0.98 402 0.69
365 0.98 404 0.42

Comments on Preferred Values

The new absorption cross-sections of Harwood and Jones"
are in very good agreement with the earlier data of Davidson
et al.,3 Bass et al,,4 and Schneider et al.’ at room tempera-
ture. The agreement in the 5 nm-averaged cross-sections for
the range 320-435 nm is within =4% of the data of David-
son et al..’ which were recommended previously.

No significant temperature dependence of the 0.5 nm-
averaged cross-sections was observed in the wavelength re-
gion 320-535 nm (Davidson ef al.> observed a very weak
temperature dependence, in contrast to earlier studies which
showed a larger effect). The new measurements support the
suggestion of Davidson er al® that the discrepancies ob-
served by Bass et al } Davenport et al.,6 and Hicks et al.”
can be accounted for by incorrect compensation for N,O,.
Roscoe and Hind® have reached similar conclusions in their
recent critical review of the implications of the NO, & N,0,
equilibrium for earlier determinations of NO, absorption
crosssections and their temperature dependence.

Cross-sections measured by Harwood and Jones? at higher
resolution showed a sharpening of the spectral features of the
NO, spectrum as the temperature was decreased, but no shift
in wavelength was observed. The apparent shifts in wave-
length with temperature observed in certain regions by
Davidson ez al.> and Schneider er al.> were probably due to
calibration errors.

The preferred values for the cross-sections at 298 K, av-
eraged over 5 nm intervals for the range 270-410 nm, are
mean values from the data of Harwood and Jones® and
Davidson er al.* and are virtually unchanged from the previ-
ously recommended values for 273 K. The averaged values
in the range 410-565 nm (not previously given in the IU-
PAC evaluations) are taken from Harwood and Jones.? The
preferred values for the wavelength range 185-265 nm, also
averaged over 5 nm wavelength intervals, are taken from
Table 4 of Schneider er al.’ The averaged values are inde-
pendent of temperature over the whole range.

The preferred quantum yields are those recommended by
Gardner ez al.® (see previous [IUPAC evaluation'®). They are
based on a best fit to the data of Gardner er al.® from 334
404 nm, Jones and Bayes'! for 297-412 nm, Davenport6 for
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514020 nm, and Harker et al.’? (corrected for -cross-
ons) for 397420 nm. The results of Gardner et al.” sup-

velength region from 290-390 nm, and that the low val-
reported by Harker er al.'? for the 375-396 nm region
be in error. Possible reasons for these low values are
sussed in Ref. 9.
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NO; + hv — products

Primary photochemical transitions

Sigation AH®/kJ-mol ™! X threshora/ M

LHOL 4y — NO + 0,32) (1) 10.9 ‘ 11000
— NO + 0,('A) (2) 105.2 1137
— NO + 0,('3) (3) 167.8 712
— NO, + O(°P) &) 203.9 587

Quantum yield data

‘Wavelength
Bhmiurement range/nm Reference Comments
N0+ 0,), d(4) 532-662 Davis et al., 1993 (a)
#INOF0,), b(4) 570-635 Orlando er al., 19932 (b)

Comments

ta)  The photodissociation of NO; was studied using mo-
Jecular beam photofragment translational spectroscopy.
For internally cold NO;, ¢(NO + 0,)=(0.70=0.10) at
588 nm falling off rapidly at A<587 nm to reach
<0.01 at 583 nm. ¢(4) increased from 0.3 to >0.99
over this range of wavelength. Both channels appear to
result from dissociation from the same vibrationally ex-
cited ground state, excited by crossing from the NO;
(*E') state formed on excitation. The dissociation en-
ergy  Dy(O-NO,) was measured as 2037
=1.0 ¥J mol™! and comesponding values of

AHP(NO;)=78.95=1.38 and 73.72+1.38 kJ mol ! at

0 K and 298 K, respectively, were determined.

(b) The photodissociation of NO; was studied at 298 K
using pulsed laser photolysis, with resonance fluores-
cence detection of O(’P) atoms and NO(X?I).
¢ [O(°P)] was 1.0 from 570-585 nm, decreasing to a
value <0.1 at 635 nm. ¢(NO) was <U.1 at 580 nm
and about 0.20%0.10 at 590 nm. These data were com-
bined with earlier results of Magnotta and Johnston® to
provide quantum yields ¢(NO + O,) and ¢(4) as a
function of wavelength (586-639 nm) and to calculate
photolysis rates for overhead sun at the earth’s surface,
with J(NO, + 0)=0.19 s7}; J(NO + 0,)=0.016 s,

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Absorption cross-sections at 298 K and 230 K

ATKINSON ET AL.

Preferred Values

100 /cm® 10¥0/cm? 10¥a/cm? 10¥o/em? 10%0/cm? 10¥a/em’
Anm 298 K 230 K Anm 298 K 230 K Mnm 298 K 230 K
400 0.0 0.4 500 11.3 11.5 600 27.6 27.8
401 0.0 0.5 501 111 10.7 601 28.6 28.5
402 0.0 0.5 502 11.1 104 602 33.2 334
403 0.2 0.5 503 11.1 11.1 603 38.0 40.3
404 0.0 0.3 504 12.6 12.5 604 437 48.1
405 0.3 0.7 505 12.8 13.1 605 43.6 49.8
406 0.2 0.6 506 13.4 14.1 606 332 37.1
407 0.1 0.5 507 12.8 13.1 607 24.0 24.8
408 0.3 0.5 508 12.7 12.2 608 18.5 17.9
409 0.0 0.7 509 13.5 13.2 609 17.1 16.6
410 0.1 0.5 510 15.1 15.5 610 17.7 17.3
411 0.2 0.7 511 173 187 611 10.1 194
412 0.5 0.4 512 17.7 19.8 612 223 23.6
413 0.5 0.7 513 16.0 18.0 613 26.3 30.0
414 0.2 1.1 514 15.8 16.2 614 255 28.6
415 0.6 07 518 15.8 150 615 22.6 24.2
416 0.6 0.7 516 15.6 16.4 616 20.9 21.1
417 0.7 1.0 517 14.9 144 617 21.1 20.6
418 0.5 1.0 518 14.4 14.0 618 23.9 229
419 0K 1.0 519 1541 14.9 619 25.6 254
420 0.8 1.3 520 16.8 16.2 ‘620 32.7 335
421 0.8 1.2 521 18.3 17.7 621 524 58.9
422 0.9 1.2 522 19.3 19.3 622 101.8 113.6
423 1.1 1.2 523 17.7 17.9 623 147.3 163.5
424 0.9 1.3 524 16.4 15.7 624 120.5 129.9
425 0.7 1.6 525 15.8 15.0 625 83.8 94.3
426 14 1.5 526 16.3 15.7 626 73.0 82.6
427 14 1.2 527 18.1 18.1 627 75.3 90.0
428 1.2 1.5 528 21.0 22.3 628 73.7 88.3
429 1.1 1.3 529 239 25.6 629 69.8 84.6
430 1.7 1.6 530 223 23.1 630 67.6 84.0
431 1.3 1.7 531 20.9 213 631 48.4 57.1
432 1.5 1.7 532 20.2 20.6 632 327 373
433 1.8 1.9 533 19.5 19.8 633 21.7 235
434 1.8 2.1 534 204 21.3 634 16.4 16.2
435 1.6 2.2 535 23.0 249 635 144 13.1
436 1.5 2.2 536 257 28.7 636 16.9 15.2
437 1.8 1.9 537 25.8 28.6 637 20.7 18.8
438 2.1 2.1 538 23.4 244 638 20.3 17.7
439 2.0 2.6 539 20.4 21.0 639 15.8 13.3
440 1.9 2.2 540 21.0 21.2 640 12.3 10.6
441 1.8 2.3 541 20.4 204 641 10.0 8.9
442 2.1 2.2 542 18.8 18.5 642 9.2 79
443 1.8 2.2 543 16.8 16.4 643 9.7 7.6
444 1.9 22 544 17.0 16.2 644 9.5 79
445 2.0 2.7 545 19.6 20.0 645 8.6 7.5
446 24 2.7 546 24.2 248 646 7.5 6.5
447 2.9 3.1 547 29.1 30.9 64/ 7.0 6.4
448 24 34 548 29.8 313 648 6.2 5.9
449 2.8 3.1 549 27.1 27.8 649 54 5.0
450 2.9 3.1 550 24.8 26.0 650 5.0 4.7
451 3.0 3.5 551 24.3 259 651 55 5.2
452 3.3 3.7 552 24.7 26.7 652 6.1 6.2
453 3.1 3.5 553 25.3 27.5 653 7.1 7.4
454 3.6 3.7 554 27.8 31.0 654 8.2 8.6
455 3.6 3.8 555 31.1 35.6 655 9.8 10.3
456 3.6 34 556 326 36.7 656 13.3 13.5
457 4.0 3.9 557 . 329 36.8 657 17.1 17.3
458 3.7 4.4 558 " 35.1 39.5 658 24.2 24.3
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Absorption cross-sections at 298 K and 230 K—Continued
10"%o/cm? 10 /cm? 10¥a/em? 10¥g/em? 10¥g/cm? 10%c/cm?
298 K 230 K Nnm 298 K 230K Nnm 298 K 230 K
4.2 4.2 559 37.2 424 659 40.7 40.0
4.0 43 560 332 36.1 660 74.5 74.0
39 4.0 561 29.8 31.7 661 144.8 156.9
4.0 3.7 562 29.0 30.6 662 2100 250.0
4.1 4.5 563 28.0 30.1 663 174.4 215.2
4.8 4.8 564 272 28.8 664 112.9 136.3
5.1 5.1 565 27.3 29.0 665 74.1 87.0
54 53 566 2835 30.9 666 49.6 58.9
57 5.6 567 28.1 29.4 667 30.4 35.0
5.6 55 568 285 29.9 668 19.0 21.8
5.8 5.6 569 289 30.5 669 125 13.6
59 53 570 279 29.1 670 9.5 105
6.2 5.8 571 27.6 289 671 79 8.8
6.4 6.1 572 274 28.6 672 7.6 9.1
6.2 6.1 573 27.8 28.9 673 6.4 7.6
6.2 6.0 574 28.6 299 674 5.2 5.9
6.8 6.9 575 30.8 33.7 675 4.8 5.2
7.8 7.8 576 327 36.2 676 49 4.9
7.7 7.7 577 33.8 37.0 677 59 5.8
73 6.9 578 33.1 36.1 678 75 6.7
7.3 6.9 579 324 35.9 679 7.8 6.8
7.0 7.0 580 334 374 680 6.9 6.0
7.1 6.9 581 35.5 41.1 681 53 5.0
7.1 6.8 582 32.8 37.0 682 4.0 4.1
72 6.7 583 29.3 32.4 683 3.0 3.0
7.7 6.9 584 28.2 30.7 684 2.6 2.6
8.2 7.7 585 28.9 31.8 685 1.8 2.2
9.1 8.9 586 332 37.2 686 1.6 14
9.2 8.8 587 41.6 48.5 687 12 2.2
9.5 8.6 588 504 59.8 688 12 1.9
9.6 9.9 589 61.3 724 689 1.2 1.8
103 10.5 590 59.6 67.3 690 1.0 2.0
9.9 9.6 591 54.4 60.5 691 0.7 1.6
9.9 9.9 592 51.1 56.4
10.1 10.2 593 45.8 49.8
10.1 9.5 594 41.9 47.0
10.6 10.4 595 429 495
12.1 12.1 596 46.2 54.4
12.2 13.1 597 43.6 50.6
12.0 12.4 598 36.7 40.9
11.7 11.8 599 31.0 34.2

Quantum Yields
#{4)=1.0 for A=583 nm.

Comments on Preferred Values

No new data have heen reported on the absorption cross-
sections for NOj radical absorption since our previous 1992
JLIPAC evaluation.® The preferred values are based on the
peak value of the cross-section at 662 nm of 2.1X 10717 cm?
inolecule™?, adopted from the evaluation of Wayne er al.*
‘ihe values of o in the wavelength range 400-691 nm are
zalculated from the data of Sander,” normalized to the pre-
ferred peak value. The absorption cross-sections obtained by
#Hander” at 230 K in the range 400-700 nm were normalized
1 the value of 2.50X107!7 cm? molecule™! at 662 nm to
‘provide the preferred values given in the table for 230 K,
following the recommendation of Wayne ez al.* The follow-

ing expression is recommended for the temperature depen-
dence of the 662 nm band:

o(T)=3.63x10""
—(5.13X107%°7) cm? molecule™ at 662 nm

The measurements of Orlando ez al.? confirm qualitatively
the wavelength dependence of ¢(NO + O,) and ¢(4) ob-
served in the earbier room temperature measurements of
Magnotta and Johnston,® and provide more accurate values
for ¢(4). The earlier problem® of total quantum yields in
excess of 1.4 was not encountered in the work of Orlando
et al.,> which confirms that NO; radical dissociation is ex-
clusively to NO,+O(’P) at wavelengths <585 nm.

The new molecular beam study! has revealed considerable
new insight into the photodissociation of the NOj; radical.
There is a very sharp threshold for channel (4) at 587 nm for
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internally cold NO;. Any dissociation at longer wavelengths
via channel (4) must occur from photolysis of internally ex-
cited NO3;. At A=588 nm this process competes with photo-
dissociation of NO; to form NO + O, via a 3-center transi-
tion state from the vibrationally excited ground state. The
yield of this process falls off above 600 nm and may only
occur from hot band absorption above 605 nm. These facts
imply that the branching ratio for bulk, thermally equili-
brated, NO; radicals will depend very strongly on tempera-
ture, especially near the thresheld for the NO,-forming chan-
nel, where higher temperatures will tend to favor dissociation
via the simple bond fission channel (4).

The atmospheric photodissociation rates suggested by Or-
lando er al.? for an overhead sun at the earth’s surface and
the wavelength range 470-700 nm [J(NO, + 0)=0.19 s7!;
J(NO + 0,)=0.016 s~ '] agree well with those of Magnotta
and Johnston® which were recommended previously by
TUPAC?, ie., JINO, + 0)=0.18+0.06 s™'; JINO + O,)
=0.022:-0.007 s~!. The new values of J are preferred for

atmospheric calculations. The new knowledge from the nw
lecular beam experiments' dictates that these expression
only apply for temperatures near room temperature. Furtlu
measurements of the quantum yields for NO; radical pho
tolysis in bulk samples at low temperature are required be
fore a recommendation can be made for atmospheric pho
tolysis rates at stratospheric temperatures. -
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N,O + hv — products

Primary photochemical transitions

Reaction AH°/J-mol™! A threshoig/ N
N.O + hv — N, + OCP) (1) 161 742

— N, + O('D) (2) 351 341

- N + NO (3) 475 252

— N, + 0('S) @) 565 212

Preferred Values

Absorption cross-sections

A/nm 10%0/cm? A/nm 10%/cm?
175 12.6 210 0.755
180 14.6 215 0.276
185 14.3 220 0.092
190 11.1 225 0.030
195 7.57 230 0.009
200 4.09 235 0.003
205 1.95 240 : 0.001

Temperature dependence of absorption cross-sections

In o\, T)=A;+A N+ AN+ AN+ AN+ (T—300)
Xexp(B;+ By + BN + By\?)
where
A;=68.21023, B,=123.4014,
A,=—4.071805, B,=-2.116255,
A3=4.301146X1072, B;=1.111572X1072,
Ay4=—1.777846X107%, B,=—1.881058X1077,
As=2.520672x1077,
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Quantum yields

¢,=1.0 for A=185-230 nm.

Comiments on Preferred Values

The preferred absorption cross-sections and the expression
for In o(\, T) in (o, T) are from Selwyn ez al.! These cross-
section values have been confirmed both at room tempera-
ture and at 208 K by the results of Hubrich and Stuhl? and
Merienne et al.® who also determined the temperature depen-
dence. Several publications with additional information on
this process have appeared since the original evaluation. Sel-
wyn and Johnston* studied the ultraviolet absorption spec-
trum of nitrous oxide and its >N isotopes over the wave-
length range 172-197 nm and the temperature range 150—
500 K. Lee and Suto® measured the photoabsorption and
fluorescence cross-sections in the 106—160 nm region and
studied the production and quenching of excited photofrag-
ments. Yoshino et al.’° made high-resolution room tempera-
ture cross-section measurements in the 170-222 nm range.
Recent state-resolved photofragment spectroscopy studies of
N,O photodissociation at 193 nm’ and 205 nm® show that
43% of the energy deposited in the molecule appears as
translational energy of the O('D) atom fragment.
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¢ preferred value of the quantum yield (¢,=1.0) is
on the results reported by Paraskevopoulos and
wovic,” Preston and Ba.rr,10 and Greiner.'! Greenblatt
_lavishankara'? have measured the quantum yield for
; 5013 of NO(?II) and N(*S) atoms at 193 nm to be
-,
fiz recommendations are unchanged from those given in
‘previous evaluation, TUPAC, 1992."
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N,O5; + hv — products

Primary photochemical transitions

o AH°/kJ-mol™! N hreshold/ M
1 hv — NOj + NO, ) 89 1340
— NO; + NO+O (2) 390 ’ 307
— NO; + NO,*

— NO3; + NO, + hv  (3)

Absorption cross-soction data

#svelength range/nm

Reference

Comments

Harwood et al., 1993! (a)

Comments

{ay  Measurements at 233-313 K using a dual-beam diode
array spectrometer. Absolute cross-sections were based
on pressure measurements and determination of NO,

and HNOj; impuritics by UV and IR spectroscopic
methods. For 260-380 nm, a pronounced temperature
dependence was observed and the results were ex-
pressed in the form log,q(o)=A+1000 B/T.
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Absorption cross-section at 298 K Comments on Preferred Values
= - The new absorption cross-section values reported by 1.
A/nm 10%0ygg/cm BIK 1 . .
wood et al.” show good agreement with previously recon
200 920 mended values,” which were based on the data of Yao er «.
;(1)(5) 223 For wavelengths less than 280 nm, the o vatues' are 7
215 370 lower than Yao ef al.® and within 5% of the earlier values «
220 220 Graham and Johnston.* No significant temperature depc:
ggg 1;2 dence was observed at A=<260 nm,' but for the region 20>
235 7 410 nm there is a significant temperature dependence. I:
240 62 general, the temperature dependence from Harwood ef o/
ii(s) 33 agrees well with that of Yao eral® except at the longe:
255 32 wavelengths where the new results show a slightly larpes
260 26.3 ~0.091 dependence, leading to ¢ values at 380 nm about 30% low:
265 20.5 ~0.100 at 233 K than predicted from the earlier parameterization
270 16.5 —0.104 . »
275 133 0112 The preferred values for the cross-section at room temper:
280 11.4 —0.112 ture were obtained by averaging the results from Harwoodl
285 8.72 -0.126 eral.’ and Yao et al.,® and the temperature dependence px
;gg g?g :g: ;g; rameters are taken from Harwood et al.!
300 390 ~0.170 The preferred quantum yield of unity for NO; radical pro
305 2.93 ~-0.194 duction is based on the results of Swanson er al.® at 249 an
;i‘s’ féi :g;gg 350 nm, those of Ravishankara er al.® at 248 nm, and thosc
320 122 _0.294 of Barker et al’” at 290 nm. The preferred quantum yiekd
325 0.90 ~0.338 values for O atom production are those reported by Ravis
330 0.6% —0.388 hankara ez al.® The study of Oh et al.® indicates that elec:
;:313 g;g :gjgg tronically excited NO, in the 2B, state is produced, and pho-
345 0.280 ~0.530 tolysis induced fluorescence (PIF) quantum yield values arc
350 0.217 —0.583 reported. For calculation of photodissociation rates in the
22(5) g:ig; :8:;_1/3 atmosphere, channel (3) is equivalent to channel (1). In sum-
365 0.095 ~0.801 mary, it appears that NO; radicals are produced with uni
370 0.074 -0.885 quantum yield throughout the region 248—350 nm, and thal
g;g ggi‘; :ggg; the quantum yield for oxygen atom production decreases a
185 0.033 —0.992 longer wavelengths and appears to be approaching zero in
390 0.0234 —0.949 the neighborhood of the thermodynamic threshold for O
395 0.0174 —0.845 atom production at 307 nm.
400 0.0135 —0.966
405 0.0103 —1.00
410 0.0080 -1.16
Temperature dependence: log,gop (cm? molecule™ ") =log,o s+ 1000
BAIT ~1/298). References
Quantum Yields 'M. H. Harwood, R. L. Jones, R. A. Cox, E. Lutman, and O. V. Rattigan,
J. Photochem. Photobiol. A: Chem. 73, 167 (1993).

@1 +¢,+¢3=1.0 for 2JUPAC, Supplernent 111, 1989 (see references in Introduction).
A=248-350 nm *F. Yao, 1. Wilson, and H. S. Johnston, J. Phys. Chem. 86, 3611 (1982).

4R. A. Graham and H. S. Johnston, J. Phys. Chem. 82, 254 (1978).
— = - - SD. Swausun, B. Kai, and H. 3. Julusion,

AY

4).

A/nm 2 6A. R. Ravishankara, P. H. Wine, C. A. Smith, P. E. Barbone, and A.
Torabi, J. Geophys. Res. 91, 5355 (1986).

T Q0 2115 (104

B T
J. Blrys. Chent. 88, 3115 (196

248 0.72+0.17 ; , ) . )

266 048010 J. R. Barker, L. ?rouwer} R. Patrick, M. J. Rossi, P. L. Trevor, and D. M.
Golden, Int. J. Chem. Kinet. 17, 991 (1985).

287 0.21x0.05 « X

289 0.15+0.05 D. Oh. W. Sisk, A. Young, and H. S. Johnston, J. Chem. Phys. 85, 7146

{1986).
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4.4. Organic Species

O + CH; — HCHO + H (1)
—-CO+H,+H (2)

= 285.8 kI “mol !
§7.7 k¥-mol ™!

Rate coefficient data (k=k;+k;)

aelecule™ s Temp./K

Reference Comments
e ‘Rate Coefficients
; 294-900 Slagle, Sarzynski, and Gutman, 1987 (a)
298 Seakins and Leone, 1992* (b)
300-2500 Baulch ez al., 19923 (©)
200-900 IUPAC, 1992¢ ()
200-300 NASA, 1994° {e)
Comments Reliability

W Flow. system with generation of CH; radicals and
“{)(*P) atoms from simultaneous in situ photolysis of
“(CH;COCH;.and SO,, and determination of [CH;] and
10} by photoionization MS. Experiments  were ‘per-
“formed under conditions such that [O]fCH;]>20, and
“rate coefficients were determined from the decay of
»CHs radicals. The rate coefficient k£ was found to be
.independent of pressure over the range 1-11 Torr, and
‘its value was confirmed by measurement of the rate of
... formation of HCHO, the sole observable product.
1) Laser flash photolysis with time-resolved FTIR emis-
' sion from the vibrationally excited products, HCHO
and CO.
“Based on the data of Slagle er al.!
“See Comments on Preferred Values.
Weighted average of the measurements of Washida and
Bayes,® Washida,” and Plumb and Ryan.?

Preferred Values

k=1.4X 1071 cm® molecule™! 577, independent of tem-
perature over the range 200-900 K.
k2 /k=0.4 at 298 K.

Alog k==*0.1 at 298 K.
A(E/R)=*100 K.
A(ky/k)=*0.1 at 298 K,

Comments on Preferred Values

Our previous recommendation® for the overall rate coeffi-
cicnt, bascd on the rcsults of Slagle ef al.,! remains unal-
tered. The recent experiments of Seakins and Leone? show
that the reaction has a second channel yielding CO and, pre-
sumably, H, + H, and that the branching ratio for this chan-
nel is significant.

References

1, R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Chem. 91, 4375
(1987).

2P. W. Seakins and S. R. Leone, I. Phys. Chem. 96, 4478 {1992).

*D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, I. A.
Kerr, M. J. Pilling, J. Troe, R. Walker, and J. Warnatz, J. Phys. Chem.
Ref. Data 21, 411 (1992).

‘TUPAC, Supplement IV, 1992 (see references in Introduction).

SNASA Evaluation No. 11, 1994 (see references in Introduction).

®N. Washida and K. D. Bayes, Int. J. Chem. Kinet. 8, 777 (1976).

"N. Washida, J. Chem. Phys. 73, 1665 (1980).

1. C. Plub and K. R. Ryan, Int. J. Chew. Kinct, 14, 861 (1982).

o('D) + CH, - HO +CH; (1)
—OCP)+ CH, (2)
—~HCHO +H, (3)

A1 (1)=~178.8 kJ-mol ™!
A147(2)=—189.7 kI-mol ™!
AHY(3)=—472.7 KJ-mol ™!

No new data have been published on the overall k or the branching ratio of this reaction since our last evaluation.
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Preferred Values (k= kq+ ky+ k3)

k=1.5%10"1 cm® molecule™ s/, independent of tem-
perature over the range 200—300 K.
ki/k=0.9; k3/k=0.1; k,/k=0, independent of temperature
over the range 200-300 K.

Reliability
Alog k=*0.1 at 298 K.
Aky/k=Aks/k==x0.1 over the temperature range 200-300
K.
A(E/R)=*=100 K.

Comments on Preferred Values

This data sheet is largely based on our previous
evaluation,' but includes additional comments from a later
evaluation.? The most recent data® on this reaction are in
excellent agreement with the previous recommendation,’
which is unaltered. The preferred values are identical to our
previous evaluation, ITUPAC, 1992.* Casavecchia ez al.” have

carried out a molecular beam study which indicates an altc
native reaction channel yielding CH;0 (or CH,OH) + I

Further work is needed to confirm this observation.

A study® of the 248 nm laser flash photolysis of O5-Cii
mixtures, with low-pressure FTIR emission spectroscopy
monitor the HO product, has provided evidence that the pu
titioning of energy in the vibrationally excited HO radicx
(up to n=4, the maximum allowable according to the enci
getics of the reaction) is non-statistical.

References

'CODATA, Supplement I, 1984 (see references in Introduction).
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3P, H. Wine and A. R. Ravishankara, Chem. Phys. 69, 365 (1982).
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HO + CH4 — H20 + CH3

AH®=-60.3kJ-mol”}

Rate coefficient data

k/cm® molecule™! 57} Temp./K Reference Comments
Absolute Rate Coefficients
4.0 107 "% exp[— (1944 =114)/T) 278-378 Finlayson-Pitts et al., 1992 ()
5.87x1071° 298
(2.62£0.27)x 1071 378 Lancar, Le Bras, and Poulet, 19922 ()
(4.27=0.18) x 107" 422
<3x1071 178 Sharkey and Smith, 1993° (©
(1.65+0.2)x 1071 216
(7.6x0.3)x1071° 298
9.65X 10°*° 1% exp(— 1082/T) 293800 Duniop and Tully, 1993* (c,d)
(5.6220.43)x 10712 293
(5.4+0.2)x 107" 292 Saunders et al., 1994° (c)
2.56X 1071 exp[—(1765=146)/T] 233-343 Mellouki et al., 1994° (©)
(6.340.88)x 10713 298
Reviews and Evaluations
3.9% 10712 exp(— 1885/T) 240300 TUPAC, 19927 (e)
7.44% 1078 72 exp(—1361/T) 223-1512 Atkinson, 19948 )
2.65% 1072 exp(— 1800/T) 223-400 NASA, 1994° 2)
Comments (e) Derived from the absolute rate coefficient data of

(a) Discharge flow system with resonance fluorescence de-
tection of HO radicals.

(b) Discharge flow system with EPR detection of HO radi-
cals.

(c) Pulsed laser photolysis system with LIF detection of
HO radicals.

(d) The temperature-dependent expression cited* is that for
the rate coefficients of Dunlop and Tully* combined
with those of Vaghjiani and Ravishankara'® and as
such covers the temperature range 223-800 K*.
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Dixon-Lewis and Williams,!! Margitan et al.,"*
Howard and Evenson,'” Emst efal,' Tully and
Ravishankara,'”> Madronich and Felder,'® Smitl
etal,'” Bott and Cohen,'® and Vaghjiani and
Ravishankara.'” The three parameter equation k=CT?
exp(—D/T) was fitted to these data,'®1® resulting
in k=7.44x107'® T2 exp(~1355/T) cm® molecule™
s~ ! over the range 223—1512 K. The preferred Arrhen-
ius expression, k=A exp(—B/T), was centered at 265 K
and was derived from the three parameter equation
with A=C ¢’ T2 and B =D+2T.
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Derived from the absolute rate coefficient data of
Dixon-Lewis and Williams," Margitan et al., 12
‘floward and Evenson,'® Emnst et al, 14 Tully and

;A;nvrshankara,ls Madronich and Felder,’® Smith
atal,"” Bott and Cohen,'® Vaghjiani and
‘Ravishankara,'® and Finlayson-Pitis ez al., ! using the

{hirec parameter expression k= CT? exp(—D/T).

The 298 K rate coefficient is based on the absolute rate
coefficient . data -of Vaghjiani and Ravrshankara,

:i*mlayson-Pltts et al.,' Dunlop and Tully,* Saunders
#1al.,’ and Mellouki et al.,® and the temperature de-
pmdence is derived from those of Vaghjiani and
‘Ravishankara,'® Finlayson-Pitts ef al.,' Dunlop and
Tully,* _andrMelloukJ et al.® at temperatures <400 K.

Preferred Values

6:2X 10715 cm® molecule™! s71 at 298 K.
23X 10712 exp(—1765/T) cm® molecule™! s™! over
“the temperature range 240-300 K.

sﬁ tJ;J\ +0.08 at 208 K
rk"”](‘) +100 K.

é#lm!@ﬂls on Preferred Values

f'he absolute rate coefficients of Finlayson-Pitts et al!

3 1lop.and Tully,* and Mellouki er al. 6 are in good agree-
wnl with.those of Vaghjlam and Ravishankara.'® However,
r the temperature range ~250-420 K these rate coeffi-
i« of Vaghjiani and Ravishankara, 10 Finlayson-Pitts
t4if,,' Dunlop and Tully,* and Mellouki et al.® are ~20%
ver than most of the previously reported absolute rate
wificients.®® While Vaghjiani and Ravishankara'® con-
luided that a number of earlier studies'®~! gave rise to er-
sieously high measured rate coefficients due to the use of
sver -CH,/OH concentration ratios and the occurrence of
ondary reactions, Finlayson-Pitts et al.! used a CH,/OH
nnwntratlon ratio srgmﬁcantly lower than employed by
jiani and Ravishankara.'”

. The preferred values are derived from the absolute rate
~gopificient data of Vaghjiani and Ravishankara'® and Dunlop
sl ’1‘"ull’y,4 both conducted over significant, and overlapping,
. temperature ranges. The temperature -dependent expressron
“pbtained by Dunlop and Tully* from a fit of their data* and

those-of Vaghjiani and Ravishankara'® to the three parameter
equation k=CT" exp(—D/T) is accepted, of k=9.65X 10720
7258 exp(—1082/T) cm® molecule™ s™! over the range
223-800 K. The preferred Arrhenius expression, k=A

-Xexp(—B/T), is centered at 265 K and is derived from the

three parameter equation with A=Ce" T" and B=D+nT.
The recommended three-parameter expression leads to a cal-
culated rate coefficient at 1234 K which is within 15% of the
value measured by Bott and Cohen.'®

The absolute rate coefficients of Lancar et al.” at 378 and
422 K and of Sharkey and Srmth3 and Saunders et al.’ at 298
K are within 25% of the preferred values, and the upper limit
obtained by Sharkey and Smith® at 178 K is also consistent
with the rate coefficient calculated from the preferred rate
coefficient expression. However, the rate coefficient reported
by Sharkey and Smith? at 216 K is a factor of 2.5 higher than
that calculated from the preferred Arrhenius expression.
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HO + C2H2 + M b d C2H20H + M

AH°=—152kJ-mol ™"

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko =5 X 1073 (77300)~' [N,] cm® molecule ™' s over
the temperature range 200-300 K.

Reliability
Alog ky==0.1 at 298K.
An==1.5.

Comments on Preferred values
The preferred 298 K rate coefficient is based on the ex-

perimental data of Schmidt et al.! and Wahner and Zetzsch
and the theoretical analysis of Smith et al.,3 and the temper:
ture dependence is based on the data of Perry et al.,* Michac
et al.,’ and Perry and Williamson,® as discussed and evalu
ated by Atkinson.” At temperatures above ~500 K anoth:
component of the rate coefficient with a much stronger tem
perature dependence also has to be taken into account.” The
preferred values are identical to those in our previous evalu
ation, TUPAC, 1992.%

High-pressure rate coefficients

Rate coefficient data

k./cm® molecule™! 57! Temp./K Reference Comments
Absolute Rate Coefficients

(7.0+1.5)x10713 297 Arnts, Seila, and Bufalini, 1989° : (a)
Reviews and Evaluations

9.0% 107 (77300)° 200-300 IUPAC, 19928 (b)

8.3x 10713 (7/300)* 220-300 NASA, 1994'¢ (c)
9.4% 107 exp(—700/T) 230-500 Atkinson, 1994!! (d)

Comments Reliability
. . =x0. .
(a) HO radicals were generated by the photolysis of me- ilog k°°1 0.1 ac 298 K
n=—1.

thyl nitrite in the presence of NO. The concentrations
of C,H, and C,Hg were measured by GC. The rate
coefficient k was measured relative to that of the reac-
tion HO + C,Hy — H,O + C,Hs, using a rate coeffi-
cient of k(HO+ C,Hg)=2.46x10"" cm® molecule™
s7! (this evaluation). Experiments were carried out in
760 Torr of air.

(b} See Comments on Preferred Values.
(c) Based on the analysis of Smith er al.’
(d) The previous recommendations’ were unchanged.

Preferred Values

k.=9.0x10" " (7/300)> cm® molecule™ s™! over the
temperature range 200-300 K.
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Comments on Preferred Values

The preferred values are based on the evaluation of
Atkinson’ of the experimental data of Perry et al.,* Michael
et al.’ Perry and Williamson,® Atkinson and Aschmann,’”
Schmidt et al.,' Wahner and Zetzsch,” Hatakeyama ef al. 13
and Liu eral'* Falloff curves are constructed with
F.=0.69 at 228 K and 0.62 at 298 K, as derived by Smith
et al.® The preferred values are identical to those in our pre-
vious evaluation, IUPAC, 1992,8 and the rate coefficient of
Armis et al.® at room temperature and atmospheric pressure
of air is in good agreement with the preferred values.
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Intermediate falloff range
Rate coefficient data
e 7! P/Torr M Temp./K Reference Comments
: kate Coefficients
- exp[ (1460=500)/7] 414-864 He 627-713 Lai, Hsu, and Lee, 1992% (a)

Comments

HO.radicals were formed by 193 nm photolysis of
M0 -in the ‘presence of H,0, and monitored by LIF at
) nm." The rate coefficients for the forward and re-
verse {k =(2.2+0.4)X 102 exp[—(15100+600)] s~ '}
aenctions did not change appreciatively with pressure,
slihough they had not reached the high pressure limit.
4rom the temperature dependence of the equilibrium
gonstant, a value of AH§ =—(140.6%5.0) kJ mol™!
Awas derived.
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HO + 02H4 + M- C2H4OH + M

Y ¥« 26 KI-mol !

Low-pressure rate coefficients

Rate coefficient data

0 rﬁnlecn]e‘l ! Temp./K Reference Comments
«.and Evaluations
0:2(17300)73 [N,] 200-300 IUPAC, 1992} ()
; #1077 %(7/300) 08 [air] 200-300 NASA, 19942 (b)
“HX 107 2(T1300) ™ [He] 295-420 Atkinson, 1994° (c)
295-420

o 1072(T7300) 74 [N,, O]

i)

Comments

Based on a series of earlier data. Because of the small-
est scatter, heavier weight was given to the results of
Ref. 4. Falloff extrapolation was carried out with a cal-
culated value of F.=0.7 from Ref. 5.

Based on a series of earlier data, in particular on the
data of Ref. 5.

Detailed review of all available earlier data. The tem-
perature dependence based on the work of Kuo and
Lee* and a previous evaluation® was adopted.

Preferred Values

ko=7%10"% (7/300)>! [N,] cm® molecule™! s™! over
the temperature range 200-300 K.

Reliability
Alog kp==0.3 at 298 K.
An==x2,

Comments on Preferred Values

No néw measurements have been reported. The values
recommended by Atkinson® in a recent review are similar to
those preferred earlier.!
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High-pressure rate coefficients

Rate coefficient data

k.Jem® molecule™! 57! Temp./K Reference Comme!n
Absolute Rate Coefficients
(71.7+1.0)x 10712 298 Becker, Geiger, and Wiesen, 19917 (a)
Reviews and Evaluations
9.0x107 " 200-300 1UPAC. 1992' )
$.8x 10712 200-300 NASA, 19947 (c)
9.0x 107'%(7/300)~ ! 290-525 Atkinson, 1994° (d)

Comments

(a) HO radicals were generated by 248 nm laser photolysis
of H,O, and monitored in real time by LIF at 308 nm.
Experiments were carried out at a total pressure of 760
Torr of synthetic air. Numerical simulation with a
mechanism formed by 12 reactions.

(b) Based on results from Ref. 8 which are in good agree-
ment with the value preferred earlier. The temperature
coefficient is uncertain because of extensive falloff at
temperatures above 300 K and the possibility of a small
activation barrier.

(c) See comment (b) for k.

(d) The previous recommendations®

were unchanged.

Preferred Values

-1

k,=9%x10"" ¢’ molecule™! 577, independent of tems
perature over the range 200-300 K.

Reliability :
Alog k..==*0.3 at 298 K.
An==x0.5.

Conunents on Preferred Values

The preferred value is similar to those reported in Refs. 3
and 6. The temperature dependence is uncertain due to the
possibility of a small electronic barrier. These preferred val-
ues of ky and k., are identical to those in our previous evalu-
ation, IUPAC, 1992.!

Intermediate falloff range

Rate coefficient data

k/em® molecule ™! 57! P/Torr M Temp./K Reference Comments
Relative Rate Cocfficients
4.4x107"7 790 Ar 1197 Bott and Cohen, 1991° (a)
43% 1073 exp[(1200:800)/7) 500-616 He 544-590 Diau and Lee, 1992'° (b)
Comments 2NASA Evaluation No. 11, 1994 (see references in Introduction).

(a) Shock wave experiments. HO radicals were generated
by dissociation of t-butyl hydroperoxide and detected
by UV absorption at 309 nm.

(b) HO radicals were generated by photolysis of N,CO in
the presence of H,O at 193 nm and detected by LIF at
310 nm. Experiments were carried out between 544-—
673 K and 276-616 Torr He.

References

'TUPAC, Supplement 1V, 1992 (see references in Introduction).

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 2, 1 {1994).

*C.-H. Kuo and Y.-P. Lee, J. Phys. Chem. 95, 1253 (1991).

3Th. Klein, J. Bammes, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys.
Chem. 88, 5020 (1984).

®R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 1, 1 (1989).

’K. H. Becker. H. Geiger, and P. Wiesen, Chem. Phys. Lett. 184, 256
(1991).

80. 1. Nielsen, O. Jérgensen. M. Donlon, H. W. Sidebottom, D. J.
O’Farrell, and J. Treacy, Chem. Phys. Lett. 168, 319 (1990).

9. F. Bott and N. Cohen, Int. J. Chem. Kinet. 23, 1075 (1991).

°E. W.-G. Diau and Y.-P. Lee, 1. Chem. Phys. 96, 377 (1992).



EVALUATED KINETIC, PHOTOCHEMICAL AND HETEROGENEOUS DATA 613
HO + CZHS — H20 + C2H5
75,6 kJ-mol ™!
Rate coefficient data
secule™! 57! Temp./K Reference Comments
i#r Kate Coefficients
1,40)x107 13 298 Débé ez al., 1991,} 19922 {a)
:0,24)x 10711 1225 Bott and Cohen, 19913 )
X107 138 Sharkey and Smith, 1993* ©)
3y 10714 178
1.4)X 10714 216
0,14)x 107 298
# 10" Vexp[—(1108£40)/T] 231-377 Talukdar er al., 1994° (c)
40,13)x 107" 298
i Rate Coefficients
10712 exp(—943/T) 298-373 Finlayson-Pitts, Hernandez, and Berko, 1993° (d)
o 298
vs and Evaluations i
1071? exp(—1020/T) 240-300 IUPAC, 19927 (e)
#1077 T2 exp(—492/7T) 226-800 Atkinson, 1994 )
210712 exp(—1070/T) 226-298 NASA, 1994° (g

i)

i

Comments

Pulsed laser photolysis system with resonance fluores-
cence detection of HO radicals.

HO radicals were generated from the thermal decom-
position of z-butyl hydroperoxide in a shock tube and

- monitored by UV absorption at 309 nm.

Pulsed laser photolysis system with LIF detection of
HO radicals.

Relative rate method. HO radicals were generated from
the photolysis of O3-H,0O-ethane-propane mixtures and
from the dark reactions of O, in the presence of ethane
and propane.® The rate coefficient ratios k(HO
+ ethane)/k(HO + propane) were placed on an abso-
Jute basis using a rate coefficient of k(HO + propane)
=8.0X10712 exp(—590/T)cm® molecule™' s™! (this
evaluation).

Derived using the absolute rate coefficient data of
Howard and Evenson,10 Leu,'! Margitan and Watson,12
Tully et al,'’** Smith eral,”” Baulch etal,'”®
Devolder et al.,17 Stachnick et al.,’8 Wallington et
al.,’® Bourmada ez al.,20 Zabarnick et al.,21 and Abbatt
¢t al.® The absolute rate coefficient data used in the
evaluation'%=%? were fitted to the three parameter equa-
tion k=CT? exp(—D/I), resulting in k=1.51
x 10717 T2 exp(—492/T) cm® molecule™* s~ ! over the
temperature range 226-800 K. The Arrhenius expres-
sion, k=A exp(— B/T), was centered at 265 K and was
derived from the three parameter equation with
A=C e’ T? and B=D+2T.

Derived from the absolute rate coefficient data of
Howard and Evenson,'? Leu,!! Margitan and Watson,'?
Tully etal,”™* Smith eral,’” Baulch eral,'®
Devolder et al.,!” Stachnik et al ' Wallington et al.,19

(2

Bourmada et al.,’® Zabarnick et al.,”' and Abbatt
et al?? These data were fitted to the three parameter
equation k= CT? exp(—=D/T).

The 298 K rate coefficient was derived from the data of
Tully et al. Wallington et al.,’® Abbatt eral 2
Schiffman et al.,”® Talukdar ef al.,> and Anderson and
Stephens (unpublished data, 1994), using a temperature
dependence of E/R=1070 K to recalculate the reported
room temperature data to 298 K. The temperature de-
pendence was derived from the data of Wallington
et al.,'® Talukdar er al.,’ and Anderson and Stephens
(unpublished data, 1994).

Preferred Values

k=2.5%x10" cm® molecule ! s~ at 298 K.
k=7.9%1071% exp(—1030/T) cm® molecule™' s™! over

the temperature range 240-300 K.

Reliability
Alog k==0.10 at 298 K.

A(E/R)==*100 K.

Comments on Preferred Values

The absolute rate coefficients of DGbé ez al.,* Bott and
Cohen® (from an apparently limited study), Sharkey and
Smith,* and Talukdar er al.’ and the relative rate coefficients
of Finlayson-Pitts et al.’ are in good agreement (within 20%
except for the 138 K rate coefficient of Sharkey and Smith*)
with the three-parameter expression obtained in the previous
IUPAC evaluation.” The preferred values were obtained by
using the absolute rate coefficient data of Howard and
Evenson,'® Leu,'! Margitan and Watson,'? Tully et al.,”>'*
Smith et al.,'”® Baulch ez al.,'® Devolder ez al.,!” Stachnick
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et al.,‘8 Wallington et al..'® Bourmada er al.”® Zabarnick
et al.,ﬂ Abbatt et al.,”* and Talukdar er al.”

The absolute rate coefficient data used in the evalua-
tion>1%~%2 were fitted to the three parameter equation k=CT >
Xexp(—D/T), resulting in k=1.52X107"7 T? exp(—499/T)
cm® molecule™! s~ over the temperature range 226-800 K.
The preferred Arsrhenius expression, k=A exp(—B/T), is
centered at 265 K and is derived from the three parameter
equation with A=C e? T2 and B=D-+2T. The room tem-
perature (the temperature not being specified) absolute rate
coefficient of Schiffman ez al.”® is in good agreement with
the preferred 298 K rate coefficient, as are the relative rate
coefficients of Baulch er al.?* and Edney er al.®
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HO + C3H6 + M — C3H50H + M

AH®=—134 kJ.-mol™'

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Vaiues

ko=8%10"%" (77300)~3* [N,] cm® molecule™! s™! over
the temperature range 200-300 K.

Reliability

Alog kg==%1.0 at 298 K.
An==1.

Comments on Preferred Values

The uncertainty of the extrapolated kj is large, because the
reaction is close to the high-pressure limit at pressures of |
bar. The preferred values follow the falloff extrapolations
from Refs. 1 and 2 which show the smallest scatter. Falloff
extrapolations are made using F.=0.5 at 300 K. The tem-
perature coefficient of k; is estimated by analogy to the re-
action HO + C,H; + M — C,H,OH + M. The recommen-
dation of our previous evaluation, IUPAC, 1992° are
unchanged.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k.=3.0x10"" ecm® molecule™’ s™', independent of tem-
perature over the range 200-300 K.
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Reliability
Alog k.= =0.1 over the temperature range 200-300 K.
An==x1.
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v on Preferred Values
pieterred values are based on Refs. 1, 2, and 4-7.
. uncertainty about the extent of falloff at tempera-
tove 300 K and there is the possibility of a small
. harrier, as in the reaction HO + CH, + M
i1 O+ M. We here prefer a temperature independent
i in contrast to the recommendation of Ref. 8. The
newdations of our previous evaluation, IUPAC, 19923

anged.
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HO + C3H3 — H20 + n‘C3H7 (1)
s H20 + i'CsH7 (2)

.1 kJ-mol™!
0.0 k)-mol ™!
Rate coefficient data (k=k; | k;)
ackeeule TsT! Temp./K Reference Comments
Kate Coefficients
010712 298 D6bé er al., 1991 (a)
e U exp[—(650£30)/T] 233-363 Mellouki er al., 19942 ®)
o)X 10712 295
1 exp[—(657£46)/T] 233-376 Talukdar er al., 1994° (b)
X 10712 298
ke Coefficients
a0 10712 298+2 Nielsen er al., 1994* (c)
o)X 10712 298 Finlayson-Pitts, Hernandez, and Berko, 1993° (d)
nivx 10712 298 Finlayson-Pitts, Hernandez, and Berko, 1993° (e)
and Evaluations
0 exp(—640/T) 270-340 TUPAC, 1992° 63}
1 Y T2 exp(—44/T) 293-1220 Atkinson, 19947 (2)
10! exp(—660/T) 200-300 NASA, 19948 (h)

Comments

PPulsed laser photolysis system with resonance fluores-
cence detection of HO radicals.

I’ulsed laser photolysis system with LIF detection of
11O radicals.

Relative rate method. HO radicals generated by the
Jark reaction of NoH, with O3 in air. The concentra-
iions of propane and 2-methylpropane were measured
Juring the experiments by GC and a rate constant ratio
ol k(OH + propane)/k(OH + 2-methylpropane)=0.47
.02 determined. This rate constant ratio is placed on
an absolute basis by use of k(OH + 2-methylpropane)

2.33% 10”2 cm® molecule™ s™! at 298 K.

Relative rate method. HO radicals generated by the
photolysis of O3-H,0-0, mixtures and by the dark re-
action of Oj-propane-n-butane-H,O-O, mixtures. The
propane and n-butane concentrations were measured
during the experiments by GC and rate constant ratios
of k(OH + propane)/k(OH + n-butane)=0.452+0.023

(e)

(f)

and 0.453+0.021 were obtained for the photolytic and
dark rcactions, respectively. These rate constant ratios
are placed on an absolute basis by use of k(n-butane)
=2.54x10""2 cm® molecule™ ™' at 298 K.’
Relative rate method. HO radicals were generated by
the photolysis of CH;ONO-NO-air mixtures, photoly-
sis of O3-H,0-0, mixtures, and the dark reaction of
O;-propane-2-methylpropane-H,0-O, mixtures. The
concentrations of propane and 2-methylpropane were
measured during the experiments by GC. Rate constant
ratios <{OH + propane)/k(OH + 2-methylpropane) of
0.448+0.026, 0.522:+0.015 and 0.496+0.025, respec-
tively, were obtained. The average of these rate con-
stant ratios is placed on an absolute basis by use of
k(2-methylpropane)=2.33X 107" cm® molecule™!
s at 298 K.J

Derived from the absolute rate coefficient data of
Greiner,” Bott and Cohen,lO Smith e al.,'' Baulch
ei al.,'”* Droege and Tully,”> Abbatt et al.,'* and Mac
Leod et al.'” and the relative rate coefficients of Baker
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et al.'®"7 and Atkinson er al.'® These data®'® were fit-
ted to the three parameter equation k=CT 2 exp(—D/
T), resulting in k=1.48x107Y7 T2 exp(—39/T) cm®
molecule™! s~} over the temperature range 293-1220
K. The preferred Arrhenius expression, k=A exp(—B/
T), was centered at 300 K, and was derived from the
three parameter equation with A=C e* T? and B=D
+2T.

(g) Derived from the absolute rate coefficient data of
Greiner,” Bott and Cohen,'® Smith eral,!' Baulch
et al.,'* Droege and Tully,”® Abbatt ez al.,'* and Mac
Leod efal’® and the relative rate coefficients of
Baker ef al.'®!” and Atkinson er al.'® These data®'®
were fitted to the three parameter equation k=CT?
Xexp(—D/T).

(h) The room tcmperaturc ratc cocfficicnts of Greincr,’
Bradley er al.,'” Tully et al.,?® Baulch er al.,'* Schmidt
et al.,! Droege and Tully,!* Abbatt e al.,'* Schiffman
et al.,** Talukdar et al.,> Mellouki et al..? and Ander-
son and Stephens (unpublished data, 1994) were used
to derive the 298 K value. The temperature dependence
was derived from a least-squares analysis of the rate
coefficients of Droege and Tully’® at temperatures
<400 K, Talukdar et al.> Mellouki et al.,? and Ander-
son and Stephens (unpublished data, 1994), with the A
factor being adjusted to fit the 298 K value.

Preferred Values

k=1.10X107'2 cm? molecule™! s™! at 298 K.
k=8.0X10"'2 exp(—590/T) cm> molecule ™' s™! over the
temperature range 240-300 K.

Reliability
Alog k==x0.08 at 298 K.
A(E/IRY=~+150 K.

Comments on Preferred Values

The room temperature absolute and relative rate coeffi-
cients of Dobé et al.,! Mellouki et al.,?> Talukdar et al.
Nielsen et al.,* and Finlayson-Pitts et al.®> are in good' or
excellent*®  agreement with the previous IUPAC
evaluation.® The absolute rate coefficient data of Greiner,’
Bott and Cohen,'® Smith ez al.,!! Baulch et al.,'? Droege and
Tully,'® Abbatt ef al.,'* Mac Leod et al.,'> Mellouki et al.,?
and Talukdar eral® and the relative rate coefficients of
Baker ef al.'®'7 and Atkinson ez al.'® were used to derive the
preferred value. These data were fitted to the three-parameter

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

ATKINSON ET AL.

equation k=CT? exp(—D/T), resulting in k=1.54X 10
T2 exp(—60/T) cm® molecule™* s™! over the range 2.
1220 K. The preferred Arrhenius expression, k=A exp(- !/
T), is centered at 265 K, and is derived from the three |
rameter equation with A=C ¢®> T? and B=D+2T. I
relative rate coefficients of Baulch et al.” and Edney et o/
are in good agreement with the recommended expression. .
is the absolute rate coefficient of Schiffman er al.?? at rou
temperature (which was not specified).
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I.aser flash photolysis experiments up to 150 bar of the
hath gas He. Detection of HO radicals was by saturated
I.1I*. The pressure dependence of k; and k, were repre-
wnted by ky=ko{1—[x/(x+1)JFUIT1e0T™) g
L= kool (1+y)/(1+x) P00l ™ i x— gy
tk, 2—koy)s Y= kot/(kssn—kg;) and F (298 K)=0.69.

I.aser flash photolysis experiments over the range 80—
400 K between 1 and 700 bar of the bath gas He. De-
wection of HO radicals was by saturated LIF. The data
representation was consistent with statistical unimo-
lccular rate theory in the form of comment (a), with
' =0.84 at 100 K, 0.77 at 200 K, 0.73 at 250 K, and
0.69 at 300 K. Rate data for other bath gases will have
0 be analyzed by analogy to the He data, leading to
different kg, and F, values. The reaction enthalpy for

reaction (2) was derived from experiments between
000 and 900 K.

Weighted average of earlier data in M=N, at pressures
below 1 bar. These experiments all require reanalysis
with respect to the partitioning of k into k; and k, and
the respective pressure dependences which, at tempera-
tures near 200 K, are marked at pressures far below 1

har.
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HO+CO —H+CO, 1)
HO+CO+M —HOCO+M (2)
104.3 kJ-mol ™!
129 kJ-mol !
Rate coefficient data (k=k,+k,)
wolecnle ™ 571 Temp./K Reference Comments
Rare Coefficients
RN 298 Forster et al., 1995! (a)
i1 10 ¥ [He) 298
IR 208
Ps 10 2 exp(—2720/T) + 1.6X 107" exp(—60/T) 90-3000 Fulle et al., 19967 )
CU0 107 2(T7300) 727 exp(—490/T)} [He] 90-3000
1 107 exp(—1850/7) + 1.5X 1072 exp(—130/T) 90-3000
v und Evaluations
i "1 + 0.6 P/bar] 200-300 IUPAC, 19923 (c)
“ 1 |1 + 0.6 P/bar] 200-300 NASA, 1994* (c)
Comments Preferred Values

k=1.3%10"1 [1+(0.6 P/bar)(300/7)'°] cm® molecule™
s~! over the temperature range 200-300 K and the

pressure range 0—1 bar of N, or air.

Reliabiliry
Alog k==0.1 at 298 K.
Alog k==*0.2 over the temperature range 200-300 K.

Comments on Preferred Values

The preferred values at 298 K are only slightly changed
from previous evaluations. However, the partitioning of the
product channels between reactions (1) and (2) is included
on the basis of the studies of Forster et al.! and Fulle ef al.’
Also, marked changes with decreasing temperature are ac-
counted for, consistent with the recent experiments.2
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HO + HCHO — H,0 + HCO (1)

—H + HCOOH (2)

AH*(1)=-130.7kJ-mol ™!
AH°(2)=—91.5kJ-mol™}

Rate coefficient data (k=k;+k;)

kfcm® molecule™ 57! Temp./K Reference Commeit
Absolute Rate Coefficients
(1.9420.30)x 107" 1205x16 Bott and Cohen, 1991 (a)
Reviews and Evaluations
8.8% 10712 exp(25/7) 240-300 IUPAC, 1992? b
1.20X 10~ " T exp(287/T) 228-1205 Atkinson, 1994 ()
1.0x107" 208-576 NASA, 1994* ()

Comments

(a) HO radicals generated from thermal decomposition of
t-butyl hydroperoxide in a shock tube, with detection
by resonance absorption at 309 nm.

(b) Derived from the absolute rate coefficients determined
by Atkinson and Pitts,’ Stief eral.® Temps and
Wagncr,7 Zabarnick et al.,} and Yetter et al? and the
relative rate coefficient of Niki er al!® These rate
coefficients’'? were fitted to the three parameter equa-
tion k=CT? e P7 vyielding k=1.69x10"17 T?
Xexp{(557/T) cm® molecule™! s™! over the tempera-
ture range 228-572 K. The preferred Arrhenius expres-
sion, k=A exp(— B/T), was centered at 265 K and was
derived from the three parameter expression with
A=Ce? T? and B=D+2T. |

(¢c) Derived from the absolute rate coefficients of Atkinson
and Pitts,” Stief et al.,6 Temps and Wagner,7 Yetter
et al.,” and Boti and Cohen! and the relative rate coef-
ficient of Niki et al.'® (for '*CH,0), using the expres-
sion k=CT exp(—D/T).

(d) The 298 K rate coefficient was the average of the ab-
solute rate coefficients determined by Atkinson and
Pitts, Stief ez al.,® Temps and Wagner, and Zabarnick
et al.® The combined data set yielded no evidence for
any temperature dependence of the rate coefficient.

Preferred Values

k=9.2% 1072 cm® molecule™ s7! at 298 K.

k=8.6X 10712 exp(20/T) cm® molecule™! s™! over the
temperature range 240-300 K.

ki/k=1.0 at 298 K.

Reliability
Alog k==%0.10 at 298 K.
A(E/R)==%=150 K.
Ak /k)==0.10 at 298 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Comments on Preferred Values

The absolute rate coefficients of Atkinson and Pitts,® Sticl
et al.® Temps and Wagner,” Yetter et al.’ and Bott anu
Cohen' and the relative rate coefficient of Niki er al.'® (fou
formaldehyde-2C) were fitted to the three parameter expres
sions k=CT exp(—D/T) and k=CT? exp(—D/T), resulting
in

k=8.24X1071% T2 exp(753/T) cm® molecule 's™'
and
k=1.20X107"* T exp(287/T) cm® molecule™! s

over the temperature range 228-1205 K. The expression
k=CT exp(—D/T) gave a better fit to the data, and the pre-
ferred Arrhenius expression, k=A exp(— B/T), is centered
265 K and is derived from the three parameter expressios
with A=C e Tand B=D+T.

The product data of Temps and Wagner’ and Niki et al™
and the kinetic/modeling results of Yetter er al® show that al
298 K this reaction proceeds via pathway (1) to yield H,0
+ HCO.
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HO + CH;CHO — H,0 + CH,;CO
Rate coefficient data
Yeeule™! 57! Temp./K Reference Comments
Rate Caeﬁ‘icien'ts' .
40yx107 1 2982 Scollard et al., 1993} (a)
i and Evaluations .
"1 exp(310/T) 240-530 IUPAC, 19922 ®)
107 Rexp(311/T) 244-528 Atkinson, 1994 (b)
1 exp(250/T) 244-528 NASA, 1994* ©

Comments

‘Relative rate-method. HO radicals were generated from
the -photolysis of CH;ONO in air, and the concentra-
Aions of CH;CHO and ethane measured during the ex-
periments by GC. The measured rate constant ratio was
placed on-an absolute basis by use of k(HO + ethene)
24,52 10712 cm® molecule™! 5713

Perived from the absolute rate coefficient data of
Atkinson and Pitts® and Michael er al.,” and the relative
rite coefficient of Niki et al.® at 298 K. The data of
Scmmes et al.’ were not used in the evaluation because
“of their reported difficulties® in determining the acetal-
dehyde concentration.
“The 298 X rate coefficient was based upon the rate
-coefficient data of Morris et al.,'° Niki et al.,® Atkinson
-ynd Pitts,® Kerr and Sheppard,'’ Semmes et al.,” and
Michael et al” The temperature dependence was the
average of those measured by Atkinson and Pitts,’
Semmes et al.,” and Michael et al.’

~ Preferred Values

E#:1,6X 107" cm® molecule™! 57! at 298 K.
w8 GX 10712 exp(310/T) em? molecnle™! 71 aver the
temperature range 240-530 K.

i

Heltubility
Ajog k==*0.10 at 298 K.
é){_lf/R) =*200 K.

Cownments on Preferred Values

The preferred values were obtained from a Jeast- -squares
analysis of the absolute rate coefficient data of Atkinson and
#£411s" und Michael ez al.,” and the relative rate coefficient of
#iki eral® at 298 K. The absolute and relative rate data of
wloris ef al.,'® Cox et al.,'* Kerr and Sheppard,!’ Balestra-

- Garcia et al.,'* and Scollard et al.' are in agreement with the

preferred 298 K value. The data of Semmes e? al.,” which are
lower than the preferred values by up to ~25%, were not
used in the evaluation because of their reported difficulties in
accurately determining the acetaldehyde concentrations.
While the absolute rate coefficients measured by Dobé

‘et al.** for CH;CHO are in good agreement with the pre-

ferred: values, their measured rate coefficients for the reac-
tions. of the HO- radical with the higher aldehydes
(CH;),CHCHO and (CH;);CCHO are significantly higher,
by factors of ~1.5-2.3, than the rate coefficients of Kerr and
Sheppard! and Semmes et al.® (which are in good agree-
ment). Accordingly, the rate coefficient data of Débé ez al.*
have not been used in the evaluation.
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HO + C,H;CHO — products

No new data have been published since our last evaluation.

Preferred Values
k=2.0x10"" cm® molecule™! s} at 298 K.

Reliability
Alog k==*0.15 at 298 K.

Comments on Preferred Values

The preferred rate coefficient is derived from the mean of
the absolute rate coefficient of Semmes et al.’ and the rela-
tive rate coefficients of Niki er al.> and Kerr and Sheppard
and is identical to our previous evaluation, IUPAC, 1992.4
The upper limit to the rate coefficient obtained by Kerr and
Stocker’ is consistent with the preferred value. The relative
rate coefficient of Audley er al.® was not used in the evalu-
ation, due to questions concerning the applicability of the
experimental technique used.!” The rate coefficient derived
by Kaiser® at 553 K relative to those for ethene, propene and
trans-2-butene of 2.9%X 107! cm® molecule™! 57!, though

of only semi-quantitative value, suggests a zero or closc &
zero temperature dependence, as expected by analogy witl
HCHO and CH;CHO. The major reaction channel »
expected7 to be H-atom abstraction from the -CHO group
form H20 + C2H5CO
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HO + (CHO), — H,0 + CHOCO

No new data have been published since our last evaluation.

Preferred Values
k=1.1x10"1" cm® molecule™ s7! at 298 K.

Reliability
Alog k==*0.3 at 298 K.

Comments on Preferred Values

The preferred rate coefficient is based on the study of
Plum et al.,! with increased uncertainty limits, and is identi-
cal to our previous evaluation, JUPAC, 1992.2 The rate co-
efficient at 298 K is similar to those for other aldehydes. A
close to zero temperature dependence is expected at around
298 K. The reaction is assumed to procced via overall
H-atom abstraction to yield H,O + HC(0)CO. Niki et al.®
showed from a study of the Cl atom-initiated reaction of

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

glyoxal that at 298 K and 700 Torr total pressure the
HC(0)CO radical reacts by the pathways,

HC(0)CO — HCO + CO (@)
HC(0)CO + 0, — HC(0)C(0)O0  (b)
HC(O)CO + 0, — 2CO + HO,  (0)

with k,~k. and ky/k,=3.5X 10'® molecule cm~>.
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HO + HOCH;CHO — H,0 + HOCH,CO (1)

— H,0 + HOCHCHO (2)

‘No new data have beer published since our last evaluation.

Preferred Values (k=kq+ k)

1:0% 10”1 cm® molecule™! s~! at 298 K.
(.80 at 298 K.

hility ,
oy k=+0.3 at 298 K.
i /k)=+0.10 at 208 K.

Comments.on Preferred Values ‘

The preferred 298 K rate coefficient is taken from the
study of Niki et al.,! with the error limits increased accord-
ingly,2 and is identical to our previous evaluation, ITUPAC,
1992.
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. Niki, P. D. Maker, C. M. Savage, and M. D. Hurley, J. Phys. Chem. 91,

2174-(1987).
2JUPAC, Supplement IV, 1992 (see references in Introduction).

HO + CH,COCHO — H,0 + CH,COCO

Rate coefficiont data

molecule™! s71v : G Temp./K - - Reference Comments
;«? ‘Rate: Coefficients
%4071 exp[(830£300)/T] 273-333 Tyndall ez al., 1995 {a)
22:0.30)x 1071 298
2 ews-and Evaluations
SHES (Vi , 298

~TUPAC, 19922 (b)

Comments

“t4)  Discharge flow system with LIF detection of HO radi-
 cals.
(s Based on the relative rate coefficient of Plum et al.’

Preferred Values
k= 1.5% 10" cm® molecule™! s™! at 298 K.

 Rcliability
e “Alogk==0.2 at 298 K.

~{ranments on Preferred Values

- ‘The preferred 298 K rate coefficient is an average of the
relative rate coefficient of Plum ef al.® and the absolute rate
“cofficient of Tyndall ef al.' The absolute rate coefficient
measured by Kleindienst et al.* may have been low due to
the_presence of significant levels of low reactivity impurities
it ‘the methylglyoxal. The data of Tyndall et al.! indicate a

significant negative temperature dependence; while no rec-
ommendation is made concerning the magnitude of the tem-
perature dependence for this reaction a negative temperature
dependence is expected at around room temperature (see, for
example, the HO + CH;CHO reaction in this evaluation).
The reaction is assumed to proceed via H-atom abstraction to
form HyO + CH3COCO. Green et al.’ have shown that the
dominant fate of this CH;COCO radical under atmospheric
conditions is decomposition to form CH;CO + CO.

References

1G. S. Tyndall, T. A. Staffelbach, I. I. Orlando. and J. G. Calvert. Int. J.
Chem. Kinet. 27, 1009 (1995).

.- 2JUPAC, Supplement IV, 1992 (see references in Introduction).

3C. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, Jr.,
-Environ. Sci. Technol. 17, 479 (1983).

4T. E. Kleindienst, G. W. Harris, and J. N. Pitts, Jr., Environ. Sci. Technol.
16, 844 (1982). .

5M. Green, G. Yarwood, and H. Niki, Int. J. Chem. Kinet. 22, 689 (1990).
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HO + CH;COCH; — H,0 + CH,COCH,

AH°=-87.8kJ-mol"!

Rate coefficient data

Comment:

kiem® molecule™! 57! Temp./K Reference
Absolute Rate Coefficients
(8.80+1.32)x 10712 1217 Bott and Cohen, 1991 (a)
Reviews and Evaluations
1.7% 10712 exp(—600/T) 240—440 IUPAC, 19892, 19923 {b)
5.34% 10718 T2 exp(—230/T) 240-1217 Atkinson, 1994* (c)

Comments

(a) HO radicals were generated by the thermal decompo-
sition of z-butyl hydroperoxide in a shock tube, and
monitored by resonance absorption at 309 nm.

(p) Derived from the absolutc rate coefficient study of
Wallington and Kurylo.’

(c) Derived from the absolute rate coefficients of Walling-
ton and Kurylo® and Bott and Cohen! and the relative
rate constant of Kerr and Stocker,® using the expression
k=CT? exp(—DIT). ‘

Preferred Values

k=2.2%10""3 cm® molecule™! s™! at 298 K.
k=2.8% 1072 exp(—760/T) cm> molecule™* s™! over the
temperature range 240-300 K.

Reliability

Alog k==0.15 at 298 K.
A{(E/R)==*200 K.

Comments on Preferred Values

The preferred values are based on the ahsolute-rate coef-
ficient data of Wallington and Kurylo® and Bott and Cohen'
and the relative rate constant of Kerr and Stocker.® These
data'™% have been fitted to the three-parameter expression
=CT? exp(—DIT), resulting in k=534x10"" T’
xexp(—230/T) cm® molecule™! 's™! over the temperature
range 240-1217 K. The preferred Arrhenius expression,
k=A exp(—B/T), is centered at 265 K and is derived from
the three parameter equation with A=C e* 7° and B=D
+27. The 298 K rate coefficient is similar to that for the HO
radical reaction with ethane (this evaluation) and the present
recommendation for the temperature dependence is more
similar to that for ethane than was the previous TUPAC
(1989, 1992) evaluation.>?

References

13, F. Bott and N. Cohen, Int. J. Chem. Kinet. 23, 1017 (1991).
2JUPAC, Supplement III, 1989 (see references in Introduction).
3JUPAC, Supplement IV, 1992 (see references in Introduction).

4R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 2, 1 (1994).
ST. I Wallington and M. J. Kurylo, J. Phys. Chem. 91, 5050 (1987).
6J. A. Kerr and D. W. Stocker, J. Atmos. Chem. 4, 253 (1986).

HO + CH3OH — H,0 + CH,0H (1)
H0+CHO (2

AH°(1)=—88.5Kk]I-mol™!
AH*(2)=—-61.9kJ-mol™}

Rate coefficient data (k=k,+k;)

klem® molecule™ 57! Temp./K Reference Comment
Absolute Rate Coefficients ’
8.64 = 1.30)x10712 1205+16 Bott and Cohen, 1991 (a)
Reviews and Evaluations
33X 10712 exp(—380/7) 240-300 TUPAC, 19922 (b)
6.01x 1078 72 exp(170/T) 240-1205 Atkinson, 1994° (c)
6.7X 10712 exp(—600/T) 240-400 NASA, 1994 Q)]
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Comments

{10 radicals were generated from the thermal decom-
*;msmon of #-butyl hydroperoxide in a shock tube, and
Thonitored. by resonance absorption at 309 nm.
rived from the absolute rate coefficients of Overend
inid Paraskevopoulos, Ravishankara and Dav1s, Wall-
‘ington and Kurylo McCaully et al.,f Hess and Tully,’
-ind Nelson et al. 10 a1id the relative rate coefficient of
Fizon et al.'' These data®!! were fitted to the three
'ﬁmxameter expression k= CT? exp(— D/ T), resulting in
%+6,37X107 8 T2 Xexp(150/T) cm® molecule™ " s~
- pver the temperature range 240-866 K. The Arrhemus
ptession is centered at 265 K and was derlved from
> three parameter expression with A=C e? T? and
= D+2T.
Derived from the. absolute rate coefficients of Overend
~nd Paraskevopoulos Ravishankara and Davis,® Wall-
-ihgton and Kurylo,” McCaully ¢t al., § Hess and Tully,’
Nelison et al.,'® and Bott and Cohen’ and the relative
tuie coefficient of Tuazon ef al.,"! using the three pa-
fameter equation k =CT 2 exp(—D/T).
The 298 K rate coefficient was the average of the ab-
‘solute ~ rate  coefficients . of Overend . and
‘Paraskevopoulos,” Ravishankara and Davis,® Higele
¢l al.,'* Meier et al.,13 Greenhill and O’Grady,14 Wall-
‘ington and Kurylo,” and Hess and Tully.” The tempera-
“iure dependence was derived from those reported by
“Greenhill and O’ Grady'* and Wallington and Kurylo.

- Preferred Values

9:3x 107! cm® molecule™! 57! at 298 K.

«3,1X 10712 exp(—360/T) cm® molecule™! s~
temperature range 240-300 K.

k=015 at 298 K.

! over the

Reliability
Alog k==*+0.15 at 298 K.
A(E/R)= =200 K.
Ak,/k==*0.10 at 298 K.

Comments on Preferred Values

The preferred rate coefficient is obtained by fitting the
absolute rate coefficients of Overend and Paraskevopoulos,’
Ravishankara and Davis, Wallington and Kurylo,” Mec-
Caully et al.® Hess and Tully,9 Nelson et al.,'® and Bott and
Cohen' and the relative rate coefficient of Tuazon et al.!’ t
the three parameter expression k=CT ? exp( DIT). ThlS re-
sults in k=6.01X 10718 T 2 exp(170/T) ¢cm®> molecule ™!
over the temperature range 240-1205 K. The preferrcd
Arrhenius expression, k=A exp(—B/T), is centered -at 265
K, and is derived from the three parameter equation with A
=C ¢ T? and B=D+2T. The kinetic® and product'>"
studies show that the reaction proceeds mainly by step (1) at
room temperature, as expected from the thermochemistry of
the reaction steps (1) and (2).

References

1J. F. Bott and N, Cohen, Int. J. Chem. Kinet. 23, 1075 (1991).

2JUPAC, SupplementIV, 1992 (see refefences in Introduction). -
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4“NASA Evaluation No. 11, 1994 (see references-in Introduction).
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6 A. R. Ravishankara and D. D. Davis, J. Phys. Chem. 82, 2852 (1978).

T. J. Wallington and M. J. Kurylo, Int. J. Chem. Kinet. 19, 1015 (1987).

8J. A. McCaulley, N. Keily, M. F. Golde, and F. Kaufman, . Phys. Chem.
93, 1014 (1989).

9W. P. Hess and F. P. Tully, J. Phys. Chem. 93, 1944 (1989).

101.. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

. Nielsen, Int. J. Chem. Kinet. 22, 1111 (1990).

IIE, C. Tuazon, W. P. L. Carter, R. Atkinson, and J. N. Pitts, Jr., Int. J.
Chem. Kinet. 15, 619 (1983).

123, Hagele, K. Lorenz, D. Rhisa, and R. Zellner, Ber. Bunsenges. Phys.
Chem. 87, 1023-(1983).
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HO + C,H;OH — H,0 + CH,CH,OH (1)

— Ho0 + CH,CHOH  (2)

3 ! {1)==-80kJ-mol ™"
#2)=~109.9 kJ-mol ™!

{3)=~63.5 kJ-mol™! .
Rate. coefficient data (k=k, +ky+k3)
* molecule™! 57! Temp./K Reference Comments
Abiolute Rate Coefficients
Uk k;=(8.80+1.32)X1071? 1204+ 16 Bott and Cohen, 1991 ()
#eviews and Evaluations
41310712 exp(—70/T) 270-340 TUPAC, 19922 (b}
6, )8310718 T2 exp(532/7T) 293-599 Atkinson, 1994° ©)
%05 10712 exp(—235/T) 240-600 NASA, 1994* (d)
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Comments

(a) HO radicals were generated by the thermal desorption

of -butyl hydroperoxide in a shock tube, with detection
by resonance absorption at 309 nm. The measured rate
coefficient corresponds to (k,+k3) because of the rapid
thermal decomposition of the CH,CH,OH radical
formed in reaction channel (1) (this is the same radical
as formed from the addition of HO radicals to etheéne).

(b) Derived from the HO'® radical and (for temperatures
<500 K) the HO' radical rate coefficients of Hess and
Tully.’ These data® were fitted to the three parameter
expression k=CT ? exp(—D/T), resulting in k=6.18
X108 T2 Xexp(532/T) cm® molecule™! s™! over the
temperature range 293-599 K. The Arrhenius expres-
sion, k=A exp(— B/T), was centered at 300 K and was
derived from the three parameter expression with
A=C e’ T? and B=D+2T.

() Derived from the HO' rate coefficients and the
<500 K HO' rate coefficients measured by Hess and
Tully,” using the three parameter equation k=CT?
exp(—D/T). This expression is expected to be the
overall rate constant k=k; +k, +k;.

(d) The 298 K rate coefficient was the average of the room
temperature rate coefficients of Campbell ez al.,’ Over-
end and Paraskevopoulos,” Ravishankara and Davis,®
Cox and Goldstone,” Kerr and Stocker,'® Wallington
and Kurylo,!! and Hess and Tully.> The temperature
dependence was obtained by averaging the temperature
dependencies of the rate coefficients reported by Wall-
ington and Kurylo'' and Hess and Tuily.’

Preferred Values

k=3.2%10"'2 cm> molecule™! s™! at 298 K.

k=4.1X10""2 exp(—70/T) cm’ molecule™! s™! over the
temperature range 270~340 K.

k1/k=0.05 at 298 K.

k3/k=0.05 at 298 K.

Reliability
Alog k==+0.15 at 298 K.
A(E/R)=*200 K.
Ak fk=*373 at 298 K.
Aks/k="502 a1 298 K.

Comments on Preferred Values

The preferred values are identical to our previous evalua-
tion, TUPAC, 1992.% There is substantial scatter in the room
temperature rate coefficients measured to date. The most
definite study to date is that of Hess and Tully.’ The pre-
ferred rate coefficient is derived from fitting the HO'® and
(for temperatures <500 K) the HO'® rate coefficient data of

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Hess and Tully’ to the three parameter expression k=C1
Xexp(— D/T). This results in k=6.18X 10718 T2 exp(532/1
cm® molecule™! 57! over the temperature range 293-599 K
The preferred Arrhenius expression, A=A exp(—B/T) is cen
tered at 300 K and is derived from this three parameter ¢
pression with A=C ¢ T2 and B=D+2T. The rate coefli
cients calculated from the preferred Arrhenius expression i
~10% higher than the lowest temperature rate coefficien-
reported by Greenhill and O’Grady'® (at 255 K) and Wall
ington and Kurylo'! (at 240 K). The preferred 298 K rai
coefficient is in good agreement with the absolute and rela
tive rate coefficients of Nelson et al.!® The rate coefficien
measured by Bott and Cohen! at 1204 K, and ascribed v
(ko +k3), is consistent with the value of (k;+k,+k3) calcu
lated from the recommended three parameter expression and
with the rate coefficient 4, at 1204 K estimated using the
procedure of Atkinson.!*

Meier et al.'® determined that at room temperature the rc
action proceeds mainly (75+15%) via formation of the
CH3;CHOH radical, consistent with the expected thermo
chemistry of the reaction steps. The kinetic data of Hess and
Tully5 for the reactions of the HO!6 and HO!® radicals with
ethanol indicate that channel (1) accounts for ~15% of the
overall reaction at 600 K, in agreement with the calculated
value of ~20% from the estimation procedure of Atkinson."”’
This agreement allows a rate coefficient ratio of k;/k=0.05 at
298 K to be estimated. Assuming that H-atom abstraction
from the -OH group in ethanol [channel (3)] has a similar
rate coefficient to the analogous channel for methanol (this
evaluation) allows k3/k=0.05 at 298 K to be estimated. Th
resulting value of k,/k=0.90 at 298 X is just consistent witl
the product data of Meier et al.’®
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‘HO + n-C3H,;OH — products

No new data have been published since our last evaluation.

Preferred Vélues

at 298 K.

$X107"2 cm® molecule™

—=+-0 2 at 298 K.

HEHIS on ‘Preferred Values

sperimental technique of Campbell et al.' was pos-
srone to unrecognized problems, and hence this rate
:n1-was not used in deriving the preferred values. The

id-and Paraskevopoulos,® Wallington and Kurylpf and

% value is the mean of the absolute rate coefficients of

Nelson et'al’ and the relative rate coefficient of Nelson
et al’: The preferred values are 1dentwal to our previous
evaluation, IUPAC 1992.5

References

11. M. Camphell, D. F. McLaughlin, and B. J. Handy, Chem. Phys. Lett. 38,
362 (1976).

2R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 1, 1 (1989).

3R. Overend and G. Paraskevopoulos, J. Phys. Chem. 82, 1329 (1976).

4T. J. Wallington and M. J. Kurylo, Int. J. Chem. Kinet. 19, 1015 (1987).

SL. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. I.
Nielsen, Int. J. Chem. Kinet. 22, 1111 {1990).

t"I_UPAC, Supplement 1V, 1992 (see references in Introduction).

HO + i-C3H;0H — H,0 + (CHa),CHO ™)
— Ho0 + CHsC(OH)CH;  (2)
— H,0 + CH,CH(OH)CH, (3)

1%~ 609 KJ-mo} ! .
Rate coefficient data (k=k;+k,+ks)
Yinolecale™! 57! Temp./K Reference Comments
uie-Rute Coefficients o
< s 10717 T 186 exp(736/7) 293-587 Dunlop and Tully, 1993} (a)
i fv*-l)”l)X]O“Z 293
¢ and Evaluations
240-440 IUPAC, 19922 9]
10718 T eap(788/T) 293-587 Atkinson, 19947 (©)
Comments CH;CH(*®*OH)CH, radical can occur, and hence

-iai < Pulsed laser photolysis system with LIF detection of
" HO radicals. The reactions of HO'® radicals were stud-
ied over the temperature range 293-745 K and the re-
actions of HO'® radicals were studied at 548 K and 587

K. Non-exponential decays of HO'® radicals were ob-

served over the temperature range 504-600 K! and,
~ while exponential HO'® radical decays were observed
above 600 K,! the rate coefficients were significantly

(PN tlhhnie Avreaon 4~ rtramam ~ Tl s Tmexsnue

lower than Mymd from cxtrapolation of the lower
‘femperature data.! These observations are consistent
with thermal decomposition of the CH,CH(OH)CH,
radical formed in reaction channel (3) [the same radical
as formed from HO radical addition to propene] at tem-
peratures =500 K. Hence using HO® radicals, values
of k;+k,+k; were measured at temperatures <500 K
and k; +k, at temperatures =600 K. No regeneration of
HO™ radicals from thermal decomposition of the

the measured HO"™ rate coefficients are those for
(ky+hy+ks).

(b) The preferred 298 K rate coefficient was the average of
the - room temperature absolute rate coefficients of
Overend and Paraskevopoulos, Wallington and
Kurylo,5 and Nelson ef al.® and the relative rate coef-
ficient of Nelson ez al.® A zero temperature dependence
was used, consistent with the data of Wallington and
Kurylo.’

() Derived from the HO radical and (for temperatures
<502 K) HO'® radical rate coefficients of Dunlop and
Tully.! These rate coefficients’ were fitted to the three
parameter expression k=CT 2 exp(— DI/T).

Preferred Values

k=5.1%x10"" cm® molecule™! 57! at 298 K.
k=2.7x10""2 exp(190/T) cm> molecule ! s~}
temperature range 270-340 K.

over the

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Reliabiliry
Alog k==0.12 at 298 K.
A(E/R)= =200 K.

Comments on Preferred Values

The preferred rate coefficients are derived from the data
obtained by Dunlop and Tully.! The HO'® rate coefficients at
548 K and 587 K and the HO' rate coefficients at <502 K
were fitted to the three parameter expression k=CT?
Xexp(—D/T), resulting in k=4.06X10""% T2 exp(788/T)
cm® molecule™! s™! over the temperature range 293-587 K.

The preferred Arrhenius expression, k=A exp(—B/T), is

centered at 300 K and is derived from the three paramu
expression with A=C e? T? and B=D+2T. The prefeir
rate coefficients are ~10% lower than those of Wallingi:
and Kurylo® over the temperature range 270-340 K.

References

!J. R. Duniop and F. P. Tully, J. Phys. Chem. 97, 6457 (1993).

2JUPAC, Supplement 1V, 1992 (see references in Introduction).
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Nielsen, Int. J. Chem. Kinet. 22, 1111 (1990).

HO + CH;0CH, — H,0 + CH,OCH,

‘Rate coefficient data

klem® molecule™! 7! Temp./K Reference Commeni-
Absolute Rate Coefficients

1.29% 107! exp[—(388=151)/T] 299-424 Perry, Atkinson, and Pitts, 1977" (a)

(3.50 + 0.35)x 1072 298.9

1.04x 1071 exp[—(372=34)/T] 295442 Tully and Droege, 19872 (b)

(2.95%0.12)x 10712 295

6.7x 1072 exp[—(300+70)/T] 240-440 Wallington ef al., 1988 ()

(2.4920.22)x 10712 296

(2.3520.24)x 10712 298+2 Nelson et al., 1990* (c)
Relative Rate Coefficients

(2.30£0.23)x 10712 295+3 Wallington et al., 1989° (d)

(3.19£0.70)x 10712 298+2 Nelson er al., 1990* (e)
Reviews and Evaluations

1.04X 107! exp(—372/T) 295-442 Atkinson, 1994° ®

Comments

(a) Flash photolysis system with resonance fluorescence
detection of HO radicals.

(b) Laser photolysis system with LIF detection of HO radi-
cals.

(c) Pulsed radiolysis system with resonance absorption de-
tection of HO radicals.

(d) Relative rate method. HO radicals were generated by
the photolysis of CH;ONO-NO-air mixtures at atmo-
spheric pressure. Concentrations of dimethyl ether and
n-butane measured during the experiment by GC and
the rate coefficient ratio of k(CH3OCH;)/
k(n-butane)=0.9180.090 placed on an absolute basis
by using k(n-butane)=2.50X 107'? cm® molecule™!
5716

(e) Relative rate method. HO radicals generated by the
photolysis of CH;ONO-NQO-air mixtures at atmo-
spheric pressure. Concentrations of dimcthyl cther and
cyclohexane measured during the experiments by GC,
and the rate coefficient ratio k(CH;OCH;)/

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

k{cyclohexane) placed on an absolute basis by use of
k(cyclohexane)=7.49%X 1072 ¢m® molecule ™! s71.°

(f) Based on the absolute rate coefficient data of Tully and
Droege.2

Preferred Values

k=2.9x10"'% cm® molecule™* s™! at 298 K.
k=1.0x 10" exp(—370/T) cm® molecule ™' s™! over the
temperature range 290-450 K.

Reliability
Alog k==*+0.2 at 298 K.
A(E/R)= %200 K.

Comments on Preferred Values

The reported room temperature absolute! ™ and relative®
rate coefficients exhibit appreciable scatter, covering a range
of a factor of 1.5, The measured temperature
dependencies'™ are in good agreement. The preferred values
are based on the absolute rate coefficient study of Tully and

S
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the data of which are between those of the other 2. P, Tully and A. T. Droege, Int. J. Chem. Kinet. 19, 251 (1987).

Colute temperature—dependent studies of Perry et all 3T. J. Wallington, R. Liu, P. Dagaut, and M. J. Kurylo, Int. J. Chem. Kinet.
Soalhington et al.3 20, 41 (1988). .
: 4L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

Ref Nielsen, Int. J. Chem. Kinet. 22, 1111 (1990).
eferences ST. ). Wallington, J. M. Andino, L. M. Skewes, W. O. Sicgl, and S. M.

) Japar, Int. J. Chem. Kinet. 21, 993 (1989).
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HO + CH;COCH,OH — products

No new data have been published since our last evaluation.

Preferred Values uncertainty limits. The preferred value is identical to our

o - previous evaluation, IUPAC, 1992
£ 107" cm® ‘molecule™! s7 at 298 K.

iy ' References
i b =0.3 at 298 K.

'p. Dagaut, R. Liu, T. J. Wallington, and M. J. Kurylo, J. Phys. Chem. 93,
e N On Preferred Values 7838 (1989).
4 on the sole study of Dagaut et al.,! with expanded 2[UPAC, Supplement IV, 1992 (see references in Introduction).

HO + CH,00H — H,0 + CH,00H (1)
— H,0 + CH;00 (2

E 140 kJ-mol ™!

No new data have been published since our last evaluation.
Preferred Values (k=k;+k,) Comments on Preferred Values
i 3 o The preferred values are those of Vaghjiani and
7.5% 1077 em” molecule™ " ™" at 298 K. Ravishankara.! The preferred branching ratio, also taken

9% 10712 exp(190/T) cm® molecule™! s™! over the  from the absolute rate coefficient study of Vaghjiani and
Ravishankara.! is in good agreement with the earlier mea-
surement of Niki ef al.> The preferred values are identical to
our previous evaluation, IUPAC, 19923

temperature range 220- 430 K.
‘h 0.35 over the temperature range 220-430 K.

cowability References
o f=+
Mog k=202 at 298 K. IG. L. Vaghjiani and A. R. Ravishankara, J. Phys. Chem. 93, 1948 (1989).
Vil /RYy=x150 K. 2H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
Y = - Chem. 87. 2190 (1983).
Vhy/k)=20.15 at 298 K. 3JUPAC, Supplement IV, 1992 (see references in Introduction).
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HO + HCOOH — products

No new data have been published since our last evaluation.

Preferred Values

k=4.5x10"" cm® molecule™! s, independent of tem-
perature over the range 290—450 K.

Reliability .
Alog k==*+0.15 at 298 K.
A(E/R)==250 K.

Comments on Preferred Values

A major problem with the determination of the rate coef-
ficient for this reaction concerns the ready dimerization of
HCOOH. The studies of Wine ez al,! Jolly eral,’ and
Singleton ef al.’ monitored formic acid in the experimental
systems used by UV absorption spectroscopy. The data frow
these studies' ™ agree well, and are in reasonable agreement
with the room temperature rate coefficient of Dagaut er al.*
The data of Wine ef al.' and Singleton ef al.® show that the
temperature dependence of the rate coefficient is zero within
the experimental uncertainties. The average of the rate coef-
ficient data of Wine ez al., Jolly ez al.,* and Singleton er al.?
has been used to derive the preferred rate coefficient. The
preferred values are identical to our previous evaluation,
IUPAC, 1992.°

The studies of Wine ez al.’ and Jolly ez al.2 showed that H
atoms are produced in this reaction, with a yield of 0.75

+0.25.! Furthermore, Wine et al' and Singleton er .
showed that within the experimental uncertainties the v
coefficient for the reaction of the HO radical with DCOGI 1.
identical to that for HCOOH at 298 K. Also, the room tcin
perature rate coefficients for the reactions of the DO radi...
with HCOOD and DCOOD are significantly lower th:
those for the reactions of the HO radical with HCOOH .
DCOOH.? This reaction then appears to proceed by

OH + HC(O)OH — H,O + HCO,

!
H + CO,

with overall abstraction of the H (or D) atom from the -Ol!
(or -OD) group being the major pathway at room tempeiu
ture.

References

'P. H. Wine, R. J. Astalos, and R. L. Mauldin, II, J. Phys. Chem. 89, 26>
(1985).

2G. S. Jolly, D. J. McKenney, D. L. Singleton, G. Paraskevopoulos, and :\
R. Bossard, J. Phys. Chem. 90, 6557 (1986).

3D. L. Singleton, G. Paraskevopoulos, R. S. Irwin, G. S. Jolly, and D. |
McKenney, J. Am. Chem. Soc. 116, 7786 (1988).

4Pp. Dagaut, T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chem. Kinct
20, 331 (1988). .

*IUPAC, Supplement IV, 1992 (see references in Introduction).

HO + CH;COOH — products

No new data have been published since our last evaluation.

Preferred Values

k=8x107"% cm® molecule™! s™! at 298 K.

Reliability
Alog k=%£0.3 at 298 K.

Comments on Preferred Values

At 298 K, the rate coethcients of Dagaut et al.' and
Singleton ef al.? are in reasonable agreement. However, at
temperatures above 298 K, Dagaut et al.! observed the rate
coefficient to increase with increasing temperature, while
Singleton er al.? observed the rate coefficient to decrease in a
non-Arrhenius manner with increasing temperature. At 400—
440 K, the rate coefficients of Dagaut ez al.' and Singleton
er al.” disagree by a factor of 2.2.

The preferred 298 K rate coefficient is an average of the
data of Dagaut er al.! and Singleton er al.” No recommenda-

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

tion is made regarding the temperature dependence. The pre-
terred value is identical to our previous evaluation, TUPAC,
1992.3 The rate coefficient data of Singleton ef al.” for the
reactions of the HO radical with CH;COOH, CD;COOH.,
and CD3;COOD indicatc that at room temperature the major
reaction channei involves overall H atom abstraction from
the -OH bond:

HO + CHsC(O)OH — H,0 + CH,CO,

References

'P. Dagaut. T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chem. Kinet.
20. 331 (1988).

Nt Singleton, G. Paraskevopoulos, and R. S. Irwin, J. Am. Chem. Soc.
P11, 5248 (1989).

*IUPAC. Supplement IV, 1992 (see references in Introduction).
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HO + C,H;COOH — products
Rate coefficient data
Temp./K Reference Comments
298-440 “Dagaut et al., 1988! (@
298
298-445 Singleton, Paraskevopoulos, and Irwin, 1989? W)
298 .
widd Fvaluations
g 208-445 Atkinson, 1994% ©

Comments

Jish photolysis system with resonance fluorescence

shdtection ‘of HO radicals.

% Tulsed laser photolysis system with resonance absorp-

" iien-detection of HO radicals.

Pigrived from an average of all of the rate coefﬁments
o Dagaut et al.' and Singleton et al.? These data'?

,mmu, .that the rate coefficient is independent of tem-

‘iperature over the range 298-445 K.

Preferred Values

1

< 1.2% 107 "2 cm® molecule™! s™!, independent of tem-
perature over the range 290-450 K.

ity
Mog k=%0.2 at 298 K.
ACEIRY=+300 K.

Comments on Preferred Values

The rate coefficients measured by Dagaut et al.'! and
Singleton et al.? are in good agreement and indicate that the
rate coefficient for this reaction is independent of tempera-
ture over the range 298-445 K. The preferred value is an
average of all of the rate coefficients of Dagaut et al.' and
Singleton et al.,” combined with a zero temperature depen-
dence. The reaction is expected to proceed by H-atom ab-
straction from the C-H bonds of the -CH; group and the O-H
bond of the -C(O)OH group.

References

'P. Dagaut, T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chem. Kinet.
20, 331 (1988).

2D. L. Singleton, G. Paraskevopoulos, and R. S. Irwin, J. Am. Chem. Soc.
111, 5248 (1989).

3R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 2, 1 (1954),

HO + CH3ONO, — products

No new data have been published since our last evaluation.

Preferred Values

##35%107"° cm® molecule™? ™! at 298 K and 1 bar.
#91.0X 1071 exp(1060/T) cm® molecule™! s™! over the
" “femperature range 290-400 K at 1 bar.

-};f;z;abuny
o &log k==%0.10 at 298 K (1 bar).
A{ E/R)=%500 K.

{.7mments on Preferred Values

At room temperature, the absolute and relative rate coef-
furients. of Niclsen ez al.l and Kerr and Stocker? measured at
i ‘b pressure are in good agreement, but are an order of
sipnitude higher than the rate coefficient measured by
Gatfney et al.® at 0.003-0.004 bar pressure. This may indi-
gt that the rate coefficient is pressure dependent and hence
“#hat the reaction proceeds by H-atom abstraction and OH

radical addition (and by ~90% OH radical addition at 298 K
and 1 bar). This conclusion is supported by the observed
negative temperature dependence.! The preferred 298 X rate
coefficient is the average of the absolute and relative rate
coefficients of Nielsen ef al.! and Kerr and Stocker? (note
that formation of CH3;ONO, in the photolysis of
CH;ONO-NO-air mixtures could have led to a low measured
rate coefficient in the relative rate coefficient study of
Nielsen er al.,' although the agreement of this relative rate
coefficient’ with the absolute rate coefficient of Nielsen
et al.’ and the relative rate coefficient of Kerr and Stocker®
suggests that any such formation of CH;ONO, was small).
The - temperature dependence is derived from the absolute
rate coefficient data of Nielsen ef al..! and is applicable only
at 1 bar pressure. The preferred values are identical to our
previous evaluation, TUPAC, 19924
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References

0. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
Lett. 178, 163 (1991).

23, A. Kerr and D. W. Stocker, J. Atmos. Chem. 4, 253 (1986).

3]. S. Gaffney, R. Fajer, G. I. Senum, and J. H. Lee, Int. J. Chem. Kinet. t=
399 (1986).

4TUPAC, Supplement IV, 1992 (see references in Introduction).

HO + C,H;0ONO, — products

No new data have been published since our last evaluation.

Preferred Values

k=4.9%10"" c¢m® molecule™! s™! at 298 K and 1 bar.
k=4.4% 107" exp(720/T) cm’® molecule™! s™! over the
temperature range 290-380 K at 1 bar.

Reliability
Alog k==0.15 at 298 K (1 bar).
A(E/R)= =500 K (I bar).

Comments on Preferred Values

The absolute and relative rate cocfficients of Kerr and
Stocker! and Nielsen ez al.? are in good agreement at room
temperature. All three rate coefficients have been determined

at ~ 1 bar pressure, and it is possible that the rate coefficicu
is pressure dependent at low total pressures. The preferrc:
298 K rate coefficient is the average of those determined by
Kerr and Stocker' and Nielsen er al. The preferred temperu
ture dependence is that of Nielsen ef al.> The preferred val
ues are applicable to 1 bar pressure and are identical to ow
previous evaluation, IUPAC, 1992.

References

7. A. Kerr and D. W. Stocker, J. Atmos. Chem. 4, 253 (1986).

20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys
Lett. 178, 163 (1991). :

3JUPAC, Supplement IV, 1992 (see references in Introduction).

HO + n-C3H,ONO, — products

No new data have been published since our last evaluation.

Preferred Values

k=7.3%10""% cm® molecule™! s7!, independent of tem-
perature over the range 290-370 K (1 bar).

Reliability
Alog k—=0.15 at 298 K (1 bar).
A(E/R)==500 K (1 bar).

Comments on Preferred Values

The absolute and relative rate coefficients of Kerr and
Stocker,' Atkinson and Aschmann,2 and Nielsen et al.? are in
reasonable agreement at room temperature. All studies have
been carried out at ~1 bar pressure. The reaction may pro-
ceed by H-atom abstraction and OH radical addition, and the
rate coefficient may be pressure dependent at low total pres-

sures. The preferred 298 K rate coefficient is the average of
those measured by Kerr and Stocker,! Atkinson and
Aschmann,? and Nielsen ef al.®> A zero temperature depen-
dence is assumed, consistent with the data of Nielsen et al’?
The preferred rate coefficients are applicable to 1 bar pres-

sure, and are identical to our previous evaluation, IUPAC,
1992.*

References

13. A. Kerr and D. W. Stocker, J. Atmos. Chem. 4, 253 (1986).

2R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinet. 21, 1123 (1989).

30. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Fhys.
Lett. 178, 163 (1991).

*JUPAC, Supplement 1V, 1992 (see references in Introduction).

HO + i-C3H;ONGC, — products

No new data have been published since our last evaluation.
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Preferred Values

910712 ¢m® molecule™! s~! at 298 K and 1 bar.

hility
o k==20.25 at 298 K (1 bar).

ments on- Preferred Values :

¢ study of Atkinson and Aschmann,! carried out in a
%) ‘liter reaction chamber, supersedes the earlier study of
on- et al.?. carried out.in a 50 liter chamber and in
i-wall losses were concluded (probably erroneously) to
peeurred. The relative rate coefficients of Becker and

-m;f and Atkinson and Aschmann' are in reasonable agree-

631

ment. The preferred 298 K rate coefficient is the average of
those of Becker and Wirtz® and Atkinson and Aschmann,’!
and is identical to our previous evaluation, [UPAC, 19924
As for the other alkyl nitrates, this reaction may proceed by
H-atom abstraction and OH radical addition, and the pre-
ferred rate coefficient is applicable to 1 bar pressure.

References

'R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinet. 21, 1123 (1989).
2R, Atkinson, S. M. Aschmann, W. P. L. Carter, and A. M. Winer, Int. J.
Chem. Kinet. 14, 919 (1982).

3K. H. Becker and K. Wirtz, J. Atmos. Chem. 9, 419 (1989).

4TUPAC, Supplement IV, 1992 (see references in Introduction).

HO + CH;CO;NO, — products

No new data have been published since our last evaluation.

Preferred Values

11X 1071 cm® molecule™! s™! at 298 K.
05X 10713 exp(~650/T) cm® molecule ™! s™1 over the
* temperature range 270-300 K.

eliability
o Alpg k=%0.2 at 298 K.
o AEIR)=*+400 K.

{'arhiments on Preferred Values .
~The 298 preferred value is the average of the room tem-

 perature Tate coefficients of Wallington ez al.! and Tsalkani
# af.? both of which are consistent with the upper limit to

e rate coefficient previously determined by Winer et al.’

The temperature dependence is that reported by Wallington
et al.' The preferred values are identical to our previous
evaluation, IUPAC, 1992.* The reaction is expected to pro-
ceed via H-atom abstraction from the C-H bonds to yield
H,0 + CH,CO;NO;.

References

T . Wallington, R. Atkinson, and A. M. Winer, Geophys. Res. Lett. 11,
861 (1984).

2N. Tsalkani, A. Mellouki, G. Poulet, G. Toupance, and G. Le Bras, J.
Atmos. Chem. 7, 409 (1988).

3A. M. Winer, A. C. Lloyd, K. R. Darnall, R. Atkinson, and J. N. Pitts, Jr.,
Chem. Phys. Lett. 51, 221 (1977).

4IUPAC, Supplement IV, 1992 (see references in Introduction).

HO + CH;COCH,ONO, — products

Rate coefficient data

g molecule™! 571 Temp./K Reference Comments
“Helative Rate Coefficients
<4.4%10713 298+2 Zhu, Barnes, and Becker, 1991 (2)

Comments

{1) Relative rate method. HO radicals were gencrated by
the photolysis of CH;0ONO-NO-N,-O, mixtures at 1
bar pressure. Concentrations of CH3;COCH,0NO, and
n-butane were mecasured during the experiments by

"GC, and the rate constant ratio of k(CH;COCH,
ONO,)/k(n-butane) <0.17 was placed on an absolute
basis by usec of a ratc cocfficient of k{n-butanc)=2.54
% 10712 ¢cm® molecule™! s71.2

Preferred Values
k<.1x10" ' cm® molecule™! s™* at 298 K.
Comments on Preferred Values

Based on the sole study of Zhu et al.,! but with a higher
upper limit to reflect additional uncertainties.

References

T, Zhu, 1. Barnes, and K. H. Becker, J. Atmos. Chem. 13, 301 (1991).
2R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 2, 1 (1994).
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HO + HCN — products

No new data have been published since our last evaluation.

Preferred Values

k=3%10"" cm® molecule™! s™! at 298 K and 1 bar.
k=1.2X10"1 exp(—400/T) cm® molecule™! s™! over the
temperature range 290—440 K at 1 bar.

Reliability
Alog k==*0.5 at 298 K.
A(E/R)=*300 K.

Comments on Preferred Values

The preferred values are those of Fritz er al.' with wider
error limits. The rate coefficient increases with increasing
pressure over this temperature range, and the rate coefficients

cited are those extrapolated by Fritz ef al! to the high’
pressure limit. The preferred values are ‘identical to our pre-
vious evaluation, TUPAC, 1992.2
The reaction proceeds by HO radical addition over. this.
temperature range. At higher temperatures the available rate:
coefficient data indicate a direct abstraction reaction.®

Referehces

LB, Fritz, K. Lorenz, W. Steinert, and R. Zellner, Oxid. Comm. 6, 363
~(1984). : : ;
2JUPAC, Supplement IV, 1992 (see references in Introduction).

3R. Atkinson, J. Phys. Chem. Ref. Data, Monograph 1, 1 (1989).

HO + CH3CN — products

No new data have been published since our last evaluation.

Preferred Values

k=2.2X10"" cm® molecule™! s™! at 298 K (1 bar).
k=8.1X10"" exp(—1080/T) cm® molecule™! s™! over
the temperature range 250-390 K (1 bar).

Reliability
Alog k==0.15 at 298 K.
A(E/R)= =200 K.

Comments on Preferred Values

The preferred 298 K rate coefficient is a unit-weighted
average of the rate coefficients of Poulet ef al.,' Kurylo and
Knable,” and Hynes and Wine.? The temperature dependence
is the mean of those determined by Kurylo and Knable? and
Hynes and Wine.> The mechanism and products of this reac-
tion are not understood at present. Hyncs and Wince® ob-
served no definitive evidence for a pressure dependence of
the rate coefficient for the HO + CH;CN reaction in N, or
He diluent over the pressure range 46—700 Torr (N, diluent)
or 30-630 Torr (He diluent). In the presence of O,, the HO
radical decays were nonexponential,’ indicating regeneration
of HO radicals. Combined with analogous data for the reac-
tions of HO radicals with CD;CN (for which the rate coef-

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

ficient was pressure dependent over the pressure range 40~
692 Torr of N, diluent)® and of DO radicals with CH;CN
and CD;CN,? these data suggest that the initial HO radical
reaction proceeds by H-atom abstraction from the -CH,
group and HO radical addition to the -CN group.’

™ H;0 + CH,CN
HO + CH3;CN —

— [CH;CNOH]*

Subsequent reactions of the addition adduct in the pres-
ence of O, then lead to the regeneration of HO radicals. In
view of the possibility of a pressure dependence of the 298 K
rate coefficient at low total pressures3 (=<0.1 bar), the pre-
ferred values, which are identical to-our previous evaluation,
IUPAC, 1992," are applicable to atmospheric conditions.

References

'G. Poulet, G. Laverdet, J. L. Jourdain, and G. Le Bras, J. Phys. Chem. 88,
6259 (1984).

2M. J. Kurylo and G. L. Knable, J. Phys. Chem. 88, 3305 (1984).

3A. ). Hynes and P. H. Wine, J. Phys. Chem. 95, 1232 (1991).

4TUPAC, Supplement TV, 1992 (see references in Introduction).
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H02 + CH302 had 02 + CH302H

Rate coefficient data

;:mj)c:culc_l 57! Temp./K Reference Comments
- Rate Coefficients
i W exp(862/T) 248-700 Lightfoot et al., 1991 ()
ey aind Evaluations V
40 °1.exp(780/T) 225-580 IUPAC, 1992 (b)
197 exp(640/T) 228-573 Wallington, Dagaut, and Kurylo, 19923 (c)
07T exp(790/T) 230-680 Lightfoot ez al., 1992* (d)
i 1 exp(800/T) 200-300 NASA, 1994° (e)
Comments’ Comments on Preferred Values
o . . There have been no new data at or around room tempera-
~Flush  photolysis-UV ~ absorption  study  of pe

: -(TIQ—CH3OH-CH4-OZ-N2 mixtures at 760 Torr and over
the temperature range 600 to 719 K. The temperature
-ependent rate coefficient listed above was derived by
the authors from a reanalysis of all of their data, includ-
ing previous studies from flash photolysis experiments.
. kauy is the averaged value of Cox and Tyndall,® Jenkin
"¢t al.,] Dagaut ef al.,® Moortgat er al.,® and Lightfoot
et al:'® and the temperature coefficient is that reported
‘by Lightfoot et al.'
g3 wDerived from an analysis of the data of Cox and
© Tyndall® McAdam ef al,"! Kurylo et al,'* Jenkin
¢t al.,] Dagaut et al.,* Moortgat et al.,’ and Lightfoot
o eral’®
il - kyg is an average value of the data of Cox and
' -”J‘yndall,6 McAdam et al.,!! Jenkin et al.) Dagaut
et al.,® Moortgat et al.,’ and Lightfoot et al.’®
48} kygg is the averaged value of data from Cox and
Tyndall,® McAdam et al.,'’ Kurylo etal,” Jenkin
et al.,) Moortgat et al.,” and Lightfoot et al.'’ E/R de-
rived from the data of Cox and Tyndall,6 Dagaut
ot al..¥ and Lightfoot et al.1°

Preferred Values

k52X 10712 cm® molecule™! 571 at. 298 K.
k=3.8X 10713 exp(780/7) cm® molecule™! s™! over the
temperature range 225-580 K.

Reliability
Alog k=+0.3 at 298 K.
A(L/IR)= =500 K.

ture and our previous recommendation,? which-is in accord
with other subsequent recommiendations,>™ still stands.
Wallington' has extended the previous FTIR study'* of the
products of the reaction at 760 Torr to a wider range of
pressures (15-700 Torr) and confirmed that 92+5% of the
HO, + CH;0, reaction produces @, + CH;0,H. Walling-
ton and Hurley' have shown from an FTIR study of the
reaction between HO, and CD,O, radicals that the sole
product is CD;O0H.

References

'P. D. Lightfoot, P. Roussel, F. Caralp, and R. Lesclaux, J. Chem. Soc.
Faraday Trans. 87, 3213 (1991).

2]UPAC, Supplement 1V, 1992 (see references in Introduction).

37T, J. Wallington, P. Dagaut, and M. J. Kurylo, Chem. Rcv. 92, 667 (1992).

4P. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
E. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Environ. 26A, 1805
(1992). .

SNASA Evaluation No. 11, 1994 {see references in Introduction).

®R. A. Cox and G. S. Tyndall, J. Chem. Soc. Faraday Trans. 2, 76, 153
(1980). '

"M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chem. Soc.
Faraday Trans. 2. 84. 913 (1988).

$P. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Phys. Chem. 92, 3833
(1988).

9G.K. Moortgat, R. A. Cox, G. Schuster, J. P. Burrows, and G. S. Tyndall,
J. Chem. Soc. Faraday Trans. 2, 85, 809 (1989).

WP, D. Lightfoot, B. Veyret, and R. Lesclaux, J. Phys. Chem. 94, 708
(1990).

'K McAdam, B. Veyret, and R. Lesclaux, Chem. Phys. Lett. 133, 39
(1987).

2\, ). Kurylo, P. Dagaut, ‘1. J. Wallington, and D. M. Neuman, Chem.
Phys. Lett. 139, 513 (1987).

13T, J. Wallington, J. Chem. Soc. Faraday Trans. 87, 2379 (1991).

147, J. Wallington and S. M. Japar, Chem. Phys. Lett. 167, 513 (1990).

ST L Wallington and M. D. Huiley, Chem. Phys. Leuw. 193, 84 (1992).

HO, + HOCH,0, — O, + HOCH,0.H (1)
— 0, + HCO,H + H,0 (2)

AN(2)=—473.1 KJ-mol™!

No new data have been published since our last evaluation.
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Preferred Values (k= k;+ k;)

k=1.2%10"" cm® molecule™* s~ ! at 298 K.

k=5.6X10"" exp(2300/T) cm’ molecule™' s~ ! over the
temperature range 275-335 K.

ky/k=0.4 at 298 K.

Reliability
Alog k==0.3 at 298 K.
A(E/R)=*1500 K.
A(kylk)=*04 at 298 K.

Comments on Preferred Values

The two studies'? of the rate coefficient at 298 K are in
good agreement and confirm that this reaction is fast com-
pared with the HO, radical reactions with CH3;0, and
C,H;50, radicals. The product channel yielding HCOOH is

presumed to proceed via a six-membered cyclic intermedi
ate, analogous to that proposed for the formation of HCHO
CH;0H, and O, from the interaction of CH;0, radicals.
Both the temperature dependence and the branching rati-
require independent confirmation. The preferred values arc
identical to our previous evaluation, IUPAC, 1992.*

References

B. Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K
Moortgat, J. Phys. Chem. 93, 2368 (1989).

23. P. Burrows, G. K. Moortgat, G. S. Tyndall, R. A. Cox, M. E. Jenkin
G.D. Hayman, and B. Veyret, J. Phys. Chem. 93, 2375 (1989).

3M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chem. Soc
Faraday Trans. 2, 84, 913 (1988).

“TUPAC, Supplement IV, 1992 (see references in Introduction).

H02 + C2H502 - 02 + C2H502H

Rate coefficient data

1

kicm® molecule™! s™! Temp./K Reference Comments
Absolute Rate Coefficients
1.6X 107 exp[(1260=130)/7] 248-480 Fenter et al., 1993! (a)
(1.10x0.21)x 1071 298
6.9% 1071 exp[(702£69)/T} 210-363 Maricq and Szente, 1994° (b)
(8.3+1.5)x 10712 295
Reviews and Evaluations
5.6X 1071 exp(650/T) 250-380 Wallington, Dagaut, and Kurylo, 1992° ©
6.5 10713 cxp(650/7) 250-380 Lightfoot ¢t al., 19924 (d)
6.5X 10713 exp(650/T) 240-380 IUPAC, 1992° (d)
7.5% 10713 exp(700/7) 200-300 NASA, 19945 (e)
Comments k=2.7%X10"13 exp(1000/T) cm® molecule™! s~ ! over the
(a) Flash  photolysis-UV ~ absorption  study  of temperature range 200-500 K.

Cl,-C,H4-0,-N, mixtures at 760 Torr total pressure.
Rate coefficients were derived from simultaneous com-
puter analyses of several decay curves collected at dif-
ferent wavelengths.

(b) Flash photolysis-UV absorption study of F,-H,-
C,H¢-0,-N, mixtures at a total pressure of ~200 Torr.
Rate coefficients were derived from computer simula-
tion of time-resolved decay curves.

(c) Based on the data of Dagaut ez al.’

(d) The rate coefficient of k=5.8x 1072 cm® molecule™!
s™! at 298 K was derived from the data of Cattell
et al.® and Dagaut er al.,’ together with E/R=—650 K
from Dagaut et al.”

(e) Based on the rate coefficients of Cattell er al. .t Dagaut
et al.,’ Fenter et al.,! and Maricq and Szente.?

Preferred Values

k=7.7%10712 cm® molecule™! s™! at 298 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Reliability
Alog k==*0.2 at 298 K.
A(E/R)=*300 K.

Comments on Preferred Values

The room temperature rate coefficients of Fenter et al.
and Maricq and Szente? are in reasonable agreement with the
previous direct studies of Cattell er al.® and Dagaut et al’
We have based our recommendations on the average value of
kagg from these four studies.’™”* However, the temperature
coefficients of Fenter ef al.' and Maricq and Szente® differ
by almost a factor of two, indicating a systematic error in
one or both studies. We have recommended an E/R value
corresponding to the rounded-off mean of these two
studies,? but clearly more work is needed to resolve the
difference.

As discussed in our previous evaluation,” the FTIR spec-
troscopic product study of Wallington and J apar’ has shown
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fhix.reaction has only one-channel, to yield C,H;OOH
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enfer V. Catoire, R. Lesclaux, and P. D. Ligmfoot, J. Phys. Chem.
1993).

&{. Maricq and-J. J. Szente, J. Phys. Chem. 98, 2078 (1994).
“Wallington, P. Dagaut, and M. J. Kurylo, Chem. Rev. 92, 667 (1992).
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Faraday Trans. 2, 82, 199 (1986).

ST, J. Wallington and S. M. Japar, Chem. Phys. Lett. 166, 495 (1990).

H02 + CH3C03 g 02 + CH3003H (1)
— 03 + CH;COH (2)

t~132 kJ-mol !

Rate coefficient data (k=k;+k;)

‘molecule " 57! Temp./K Reference Comments
wte Rate Coefficients
107 M exp[(1040=100)/T] 253-368 Moortgat, Veyret, and Lesclaux, 1989" (@)
L3x1071 298 . '
diing Ratios
23 v 298 Niki et al., 1985 (b)
33+0.07 253-368 Moortgat, Veyret, and Lesclaux, 1989 (c)
X 1072 exp(1020/T) 263-333 Horie and Moortgat, 1992° @
298
250-370 IUPAC, 1992* (e)
250-370 ®
253-368 Wallington, Dagaut, and Kurylo, 1992* (e)
253-300 . (e)
253368 Lightfoot er al., 1992° (e)
253-368 (e
200-300

NASA, 1994 (e)

ta)

ity

«)

{d)

Comments

Flash = photolysis of Cl, in the presence of
CH;CHO-CH;OH-0,-N, mixtures at total pressures of
-600—”6‘5_0 Torr. [CH;CO3] was monitored by UV ab-
sorption over the wavelength range 195-280 nm and
the absorption cross section measured relative to
o(HO,)=5.3% 10718 cm? molecule™! at 210 nm. Rate
cocfficients werc derived from a computer sinulation
of absorption traces at a range of wavelengths, based
on a mechanism including secondary removal of
CH,CO,. '

FTIR study of irradiated Cl,-HCHO-CH;CHO-O,
mixtures. The branching ratio was based on the analy-

«.sis’of the products CH;CO3H, CH;CO,H, and Oj.

Derived from the same experiments as in Comment (2)
by making allowance for absorption by O; product.

FTIR study of irradiated CH;COCOCH; in the pres-
ence of Ar-O, mixtures at total pressures of 730-770
Torr. The reaction products CO,, CO, HCHO,

{e)
03]

HCOOH, CH,;CO,H, CH;COsH, CH;0H, H,0,, and
O; 'were analyzed by matrix-isolation FTIR spectros-
copy tombined with a molecular-beam sampling tech-
nique. The branching ratio obtained " was In
(ky/hp) ={(5.8=1:7)—{(1430:480)/T]}, derived from
the yields of CH;CO;H and O;.

Based on the data of Moortgat et al.!

Based on the data of Moortgat ef al.! and Niki er al.?

Preferred Values

k=1.4x10"" cm® molecule™! s™! at 298 K.
k=4.3X10"13 exp(1040/T) cm® molecule™* s™' over the

temperature range 250-370 K.

ky/k=0.26-at 298 K.
ko /k=8.5X-10"3 exp(1020/T) over the temperature range

260-340 K.

Reliability
Alog k==*0.3 at 298 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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A(E/R)=+500 K.
A(ky/k)=%0.1 at 298 K.
A(E,/R—E/R)=+500 K.

Comments on Preferred Values

The recommended value of & together with its temperature
dependence are unaltered since our last evaluation,* and are
based on the data of Moortgat et al.! Independent confirma-
tion is required to lower the error limits. The study of the
products of the reaction by Horie and Moortgat,’ leading to
the measurement of the branching ratio, is much more direct
than the previous study of Moortgat et al.! and, in contrast to
the results of Moortgat et al.,' show a marked temperature
dependence. The newer data® are in reasonable agreement
with the room temperature measurements of the branching
ratio made by Niki er al.?

References

''G. K. Moortgat, B. Veyret, and R. Lesclaux, Chem. Phys. Lett. 160, 4-:
(1989).

2H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phy»
Chem. 89, 588 (1985).

30. Horie and G. K. Moortgat, J. Chem. Soc. Faraday Trans. 88, 330~
(1992).

4IUPAC, Supplement IV, 1992 (see references in Introduction).
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(1992).

"NASA Evaluation No. 11, 1994 (see references in Introduction).

H02 + HOCH2CH202 band pl’oduc‘ls

No new data have been published since our last evaluation.

Preferred Values
k=1.0x10"" c¢m® molecule ™! s~! at 298 K.

Reliability
Alog k==*+0.3 at 298 K.

Comments on Preferred Values

The studies of Murrells ez al.! by laser flash photolysis and
by molecular modulation of the absorption spectrum of the
HOCH,CH,O0, radical have shown that the absorption cross-
sections reported earlier by Jenkin and Cox? from molecular
modulation studies of the photolysis of HOCH,CH,1I are low
by a factor of approximately 2. Jenkin and Cox? made the
assumption that the photolysis of HOCH,CH,I in their sys-
tem yielded entirely HOCH,CH, O, radicals, which was ap-
parently not the case. Increasing 0,3,(HOCH,CH,0,) by a
factor of two in the interpretation’ of the data of Jenkin and
Cox? yields the revised value of k=(8.4%3.0)X10" "2 cm®
molecule™! 577 at 298 K.

The recommended rate coefficient is the mean of this re-
vised value together with the value of Murrells e al.! The
approximate value derived by Anastasi ef al.? in the pulsed
radiolysis experiments is a factor of two higher than our
recommended value, and we have not taken this value of
Anastasi ez al.® into account, owing to the differences in the
absorption spectrum of the radical observed by Anastasi
et al.’ compared with the consistent spectra reported by Jen-
kin and Cox? and Murrells et al.’ (see data for the reaction
2 HOCH,CH,0,— products). The preferred values are iden-
tical to our previous evaluation, IUPAC, 1992.*

References

'T. P. Murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem.
Soc. Faraday Trans. 87, 2351 (1991).

M. E. Jenkin and R. A. Cox, J. Phys. Chem. 95, 3229 (1991).

3C. Anastasi, D. J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chem.
95, 5791 (1991).

*IUPAC, Supplement 1V, 1992 (see references in introduction).

H02 + CH3°CH202 — 02 + CH30CH202H (1)

~ 0, + CH;OCHO + H,0 (2)

Rate coefficient data (k=k;+k;)

kem® molecule™ 57! Temp./K Reference Comments
Branching Ratios
ki /k=0.53+0.08 295 Wallington ez al., 1993! (a)
ky/k=0.40=0.04 295
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Comments Comments on Preferred Values

The reaction between HO, radicals and CH3OCH, 0, radi-
cals is analogous to that between HO, radicals and
HOCH,0, radicals in that there are two channels of nearly
equal importance at room temperature; producing (i) the hy-
droperoxide plus O, and (ii) a carbonyl product, H,O and
0,. Tn contrast, the HO, reactions with unsubstituted alkyl
peroxy radicals, RO,, appear to have only a single channel,
producing the alkyl hydroperoxide.

It has been proposed! that the reaction between HO,-and
substituted RQ, radicals yielding the carbonyl compounds

0, and CHqOCHzOz radicals were generated from
o steady-state photolys1s of Cl, in the presence of
£H;0H-CH30CH;-O, mixtures at a total pressure of
800 Torr. Branching ratios were derived from FTIR
“unalyses of CH;OCHO and CH;OCH,0,H products,
g whlch accounted for 93F12% of the CH;OCHj loss.

 Preferred Values proceeds through a six-member transition state identical to
e ' that suggested by Russell? to explain the molecular products
/k=0.60 at 298 K. from the interactions of RO, radicals. e

J #0;40 at.298 K. References

ability - i . .
T. J.-Wallington, M. D. Hurley, J. C. Ball, and M. E. Jenkin, Chem. Phys.
tk; /k)="%0.10 at 298 K. Lett. 211, 41 (1993).

(ko/k)==%0.10 at 298 K. 2G. Russell, J. Am. Chem. Soc. 79, 3871 (1957).

HO, + CH;COCH,0, — O, + CH;COCH,O,H

Rate coefficient data .

~1gml Temp./K Reference ) Comments

ite’ Rate Coefficients , ) o
121:3) %1072 298 Bridier et al., 1993 o T (a)

Comments Comments on Preferred Values
While the above value of the rate coefficient seems rea-
sonable, it has been obtained from the kinetic analysis of a
760, Torr. The rate coefficient k was derived from a complex chemical system and requires independent verifica-
" kinetic analysis of absorption-time profiles measured at ton to rc?duce the reco mmendle d error limits. No evidence
210 and 230 nm was obtained by Bridier et al.” for products other than O,
’ ’ and CH3COCH202H

_{&) - Flash ~photolysis of Cl,- in the presence of
+ * CH3COCH;-CH,OH-N, mixtures at a total pressure of

_ Preferred Values
£=9.0X 10712 ¢cm® molecule™! 57! at 298 K.
T References
Beliability

: ‘_M.Og k':f i0.3 at 298 K. '1. Bridier, B. Veyret, R. Lesclaux and M. E. Jenkin, J. Chem. Soc. Fara-

day Trans. 89, 2993 (1993).
HO, + HCHO — HOCH,00

SH% = ~68.1 kI-mol™!

No new data have been published since our last evaluation.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values

k=7.9%10"1"* cm® molecule™! s™! at 298 K.
k=9.7X10"" exp(625/T) cm> molecule™! s7! over the
temperature range 275-333 K.

Reliability
Alog k=+0.3 at 298 K.
A(E/R)= %600 K.

Comments on Preferred Values

This data sheet is based on our previous evaluation,
IUPAC, 1989.' The most recent studies of Barnes ef al.? and
Veyret et al.® are in excellent agreement regarding this rate
coefficient, and both are in good agreement with the earlier
data of Veyret er al.* The preferred rate equation is derived
by taking an average value of the rate coefficients of Barnes
et al.? [k(273 K)=1.1X10"" cm® molecule™! s™'] and of

Veyret  eral®  [k(275  K)=8.0x10""
molecule ™! s!] together with the value of £/R determined [
Veyret et al.®> The preferred values are identical to our pi:
vious evaluation, IUPAC, 19923

This reaction is believed to proceed via the initial forn:
tion of the adduct radical, HO,CH,O, which rapidly isonx:
izes to the product radical, HOCH,00 via H-atom transfu:

References

'TUPAC, Supplement III, 1989 (see references in Introduction).

2]. Barnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Nil..
Chem. Phys. Lett. 115, 1 (1985).

3B. Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A, Cox, and G.
Moorigar, J. Phys, Chem. 93, 2368 (1989).

4B. Veyret, J.-C. Rayez, and R. Lesclaux, J. Phys. Chem. 86, 3424 (198

SIUPAC, Supplement IV, 1992 (see references in Introduction).

HOCH,00 — HO, + HCHO

AH°=68.1 kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k~1.5%10? 577 at 208 K.
k=2.4x10'2 exp(—7000/T) s~' over the temperature
range 275-333 K.

Reliability
Alog k==0.3 at 298 K.
A(E/R)= #2000 K.

Comments on Preferred Values

This data sheet is based on our previous evaluation,
IUPAC, 1989." The studies of Barnes er al? and Veyret
et al.® are in good agreement regarding the rate coefficient of
this reaction. The preferred rate equation has been obtained
by taking the average of the rate coefficients at 273 K from
these studies together with the E/R determined by Veyret
et al® The preferred values are identical to our previous
evaluation, TUPAC, 1992.4

It should be pointed out that the equilibrium constant,
K,, for the reactions HO,+HCHO=HOCH,0, (1,—1),
K,=5.2%X107'% cm® molecule™! at 298 K, derived from the

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

kinetic study of Veyret et al.® (which is identical to the valuc
obtained from our recommended data for k; and k_,), is in
excellent agreement with the value of K;=4.0X 10 '¢ cm’
molecule™! at 298 K obtained independently by Burrows
et al.’> from molecular modulation studies. The above value
of K, is, however, considerably smaller than the value of
K,=3.4x10"" cm® molecule ! at 298 K reported by Zabel
et al.® from EPR spectroscopic measurements of the ratio of
concentrations of HO, and HOCH,OO radicals in the pho-
tolysis of HCHO-O, mixtures.

References
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21 Bamnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Niki,
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SF. Zabel, K. A. Sahetchian, and C. Chachaty, Chem. Phys. Lett. 134, 433
(1987).
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N03 + CH4 — HN03 + CH3

Rate coefficient data

%1071 298

" molecule™ s Temp./K Reference Comments
>'lm_e.the Coefficients
210716 298 Burrows, Tyndall, and Moortgat, 1985! (a)
10717 208+2 Wallington ez al., 19867 (b)
0= 302 Boyd et al., 19913 (©
ive Rate Coefficients
JomH ~298 Cantrell et al., 1987* (d)
yirws and-Evaluations
Atkinson, 1991° (e)

- Comments

) NO3 radicals were generated by the modulated pho-
tolysis of Cl,-CIONO,-N, or F,-HNO;-N, mixtures
*.. and monitored by optical absorption at 662 nm.
“NO; radicals were generated by the flash photolysis of
“CIONO,-He mixtures and detected by optical absorp-
"+ tion at 662 nm. - ‘
-: Stopped-flow system with optical absorption detection
. of NO; radicals at 662 nm. Occurrence of secondary
. reactions were expected to lead to-a stoichiometry fac-
_:tor:,‘ of =2, resulting in the upper limit to the rate coef-
-+ - ficient cited in the table.
“"ig)." ‘Relative rate method. Upper limit to the rate coefficient
¢ i was-derived from the absence of CO and CO, forma-
i [iOH'» after addition of CH4 to N205-NO3-N02-
N, ‘mixtures. -An equilibrium constant for. the NO,
4+ NO; = N,0Os reactions of 3.41x107!" cm?
~molecule™! at 298 K> has been used to derive the rate
.. -coefficient cited.
¢).--Based on the upper limits derived by Burrows et al.,!
7 Wallington et al.,2 and Cantrell ef al.*

Preferred Values
k<1x10~'® cm® molecule™! s~! a1 298 K.

Comments on Preferred Values

The preferred value is based on the upper limits to the rate
coefficients obtained by Cantrell et al.* and Boyd et al.,3 and
is consistent with the higher upper limits reported by Bur-
rows.et al.! and Wallington et al.?

References

13. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Chem. 89, 4848
(1985). -

2T, J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem. 90, 4640 (1986).
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Wilson, J. Chem. Soc. Faraday Trans. 87, 2913 (1991).

4C. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson; and J. G.
Calvert, J. Phys. Chem. 91, 6017 (1987).

SR. Atkinson, J. Phys. Chem. Ref. Data 20, 459 (1991).

NO; + C,H, — products

No new data have been published since our last evaluation.

, Preferred Values
 k<1x107'¢ cm® molecule™! s™! at 298 K.

Comments on Preferred Values

The ‘measurement of rate coefficients for low reactivity
organics is complicated by the possibility of secondary reac-
tions; leading to erroneously high measured rate coefficients.
The relative rate measurements of Atkinson ef al.' show

C,H, to be significantly less reactive than C,H,. The pre-
ferred value of the upper limit to the rate coefficient is suf-
ficiently high to be consistent with the data of Canosa-Mas
et al.? Until there are confirmatory data for the reported tem-
perature dependence of this rate coefficient, no temperature
dependence-is recommended. The preferred value is identical
to our previous evaluation, IUPAC, 1992.4
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References
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Faraday Trans. 2, 84, 263 {1988).
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NO; + C,H, — products

Rate coefficient data

kem® molecule™ 57! Temp./K Reference Comments
Absolute Rate Coefficients
(1.70.5)x 107 ' 300 Biggs et al., 1991;' Boyd et al., 1991% (a)
Reviews and Evaluations
3.3X 10712 exp(—2880/7) 270-340 IUPAC, 1992 (b)
4.88x 10™'* 77 exp(—2282/T) 295-523 Atkinson, 1994* ) (<)
Comments Reliability

(a) Stopped-flow technique with optical absorption of the
NO; radical at 662 nm. The influence of the reaction
NO,+ NO; + He — N,05 + He was taken into ac-
count by numerical modeling, leading to a stoichiom-
etry factor for NO; radical decays of ~1.9 and the
cited rate coefficient for the elementary NO; + ethene
reaction.

(b) Based on the absolute rate coefficients of Canosa-Mas
et al>® and the relative rate coefficient of Atkinson
et al.” These data>’ were fitted to the three-parameter
expression k=CT? exp(—D/T), resulting in k=4.88
X 10718 T2 exp(—2282/T) cm® molecule™ s7' over
the temperature range 295-523 K. The Arrhenius ex-
pression, k=AXexp(—B/T), was centered at 300 K
and was derived from the three-parameter expression
with A=C €* T? and B=D+2T.

(c) Derived from the absolute rate coefficients of Canosa-
Mas et al.>® and the relative rate coefficient of Atkin-
son efal, using the three parameter expression
k=CT? exp(—D/T).

Preferred Values

k=2.1%10"' cm® molecule™" s ! at 298 K.
k=3.3x107'% exp(—2880/7) cm® molecule™! s™! over
the temperature range 270-340 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Alog k==*0.2 at 298 K.
A(E/R)= =500 K.

Comments on Preferred Values

The preferred rate coefficient is derived using the absolute
rate coefficient data of Canosa-Mas ez al.>® and the relative
rate coefficient of Atkinson ez al.” These data were fitted to
the three parameter expression k=CT 2 exp(—D/T), result-
ing in k=4.88x107'% T2 exp(—2282/T) cm® molecule™
s™! over the temperature range 295-523 K. The preferred
Arrhenius expression, k=A exp(—B/T), is centered at 300 K
and is derived from the three parameter expression with
A=C¢* T? and B=D+2T.

The preferred rate coefficient is in agreement with the 300
K rate coefficient of Biggs er al.’ and Boyd et al.,> and the
preferred values are identical to our previous evaluation,
TUPAC, 1992
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NO3 + C2H6 g HN03 + CZHS

233 kI-mol ™

Rate coefficient data

+ molecule™! 571 . Temp./K

Reference Comments
ste Rate Coefficients
T 298+2 Wallington et al., 1986 (a)
10 "7 exp[— (4426 2337)/T] 453-553 Bagley et al., 1990° (®)
70.2)x 1071 302 Boyd ez al., 1991° (c)
Comments Comments on Preferred Values

i NO; radicals were generated by the flash photolysis of
CIONQO,-He mixtures and detected hy aptical ahsorp-

L tion at 662 nm.

thy  Discharge flow system with detection of NO; radicals

“ by optical absorption at 662 nm.

it Stopped-flow system with optical absorption detection
of the NO; radical at 662 nm. Secondary reactions
were expected to lead to a stoichiometry factor of
=2, leading to the cited upper limit w0 the rate coelfi-
clent.

Preferred Values

£21% 10717 cm® molecule™ s7! at 298 K.

Extrapolation of the absolute rate coefficients obtained by
Bagley et al.? over the temperature range 453-553 K to 298
K leads to a 298 K rate coefficient of 2x 107" cm®
molecule ! s™!, probably uncertain to at least a factor of 2
due to the long extrapolation and possible non-Arrhenius be-
havior of the rate coefficient for this reaction. The preferred
upper limit is based on the upper limit of Wallington et al.!
and extrapolation to 298 K of the elevated temperature rate
coefficients of Bagley et al.”

References

T, J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem. 90, 4640 (1986).

21, A. Bagley, C. Canosa-Mas, M. R. Little, A. D. Parr, S. J. Smith, S. J.
Waygood, and R. P. Wayne, J. Chem. Soc. Faraday Trans. 86, 2109
(1990).

3A. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.
Wilson, J. Chem. Soc. Faraday Trans. 87, 2913 (1991).

NO; + C3Hg — products

Rate coefficient data

isem’ molecule™! 57} Temp./K Reference Comments
Abaolnte Rate Coefficients
47043107 exp[—(1171%66)/T] 298-423 Canosa-Mas et al., 1991} (a)
.37 1.2)x1071 298
#eviews and Evaluations
§4% 1071 298 TUPAC, 19922 (b)
459 10713 exp(— 1156/T) 296-423 Atkinson, 19943 ©

Comments

{a;  Discharge flow system with optical absorption detec-
tion of the NOj; radical at 662 nm. Rate coefficients
were measured over the temperature range 298-523 K,
and the Arrhenius plot exhibited curvature above
423 K.

(b) Based on the relative rate coefficient study of Atkinson
et al.*

(c) Derived using the room temperature relative rate coef-
ficient of Atkinson e al.* and the absolute rate coeffi-
cients of Canosa-Mas eral.! over the temperature
range 298—423 K. These rate coefficients’* were fitted
to an Arrhenius expression.
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Preferred Values
k=9.5x10"" cm® molecule™! 571 at 298 X.
k=4.6X10"" exp(—1155/T) cm® molecule™! s™! over
the temperature range 296-423 K.

Reliability
Alog k=%0.2 at 298 K.
A(E/R)= %300 K.

Comments on Preferred Values

The preferred values are derived using the room tempera-
ture relative rate coefficient of Atkinson ef al.* and the 298~
423 K absolute rate coefficients of Canosa-Mas et al.' The
preferred 298 K rate coefficient is in agreement with the
previous relative rate measurements of Morris and Niki,” Ja-
par and Niki,® and Atkinson er al.” when the differing values
of the equilibrium constant used for the N,Os =2 NO,
+ NO, reactions are taken into account.

The NO; radical reaction with propene proceeds by initial

addition, leading to the formation under simulated trop
spheric  conditions of HCHO, CH;CHO,
CH,COCH,0NO, >8-11

References

'C. E. Canosa-Mas, S. J. Smith, S. J. Waygood, and R. P. Wayne, J. Chen
Soc. Faraday Trans. 87, 3473 (1991).

2IUPAC, Supplement IV, 1992 (see references in Introduction).

3R. Atkinson, I. Phys. Chem. Ref. Data, Monograph 2, 1 (1994), -

“R. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Phys. Chem. 92, 34
(1988).

SE. D. Morris, Jr. and H. Niki, J. Phys. Chem. 78, 1337 (1974).

6S. M. Japar and H. Niki, J. Phys. Chem. 79, 1629 (1975).

7R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts. |
1. Phys. Chem. 88, 1210 (1984).

8H. Bandow, M. Okuda, and H. Akimoto, J. Phys. Chem. 84, 3604 (198

°P. B. Shepson, E. O. Edney, T. E. Kieindienst, J. H. Pittman, G. R. Nanu.
and L. T. Cupitt, Environ. Sci. Technol. 19, 849 (1985).

'°1. Barnes, V. Bastian, K. H. Becker, and Z. Tong, J. Phys. Chem. 94, 241
(1990).

117, Hjorth, C. Lohse, C. I. Nielsen, H. Skov, and G. Restelli, J. Phys. Chein
94, 7494 (1990). ’

N03 + C3H3 b d HN03 + n-C3H7 (1)
— HNO, + iso-CsH;  (2)

AH®(1)=-6.8 kJ-mol ™"
AH®(2)=-14.3kI-mol™!

Rate coefficient data (k=k,+ k)

kicm® molecule™!

57! Temp./K Reference Comments
Absolute Rare Cocfficients
<(4.8x17)x107" 298 Boyd ez al., 1991} (a)
Comments Comments on Preferred Values

(@) Stopped-flow system with optical absorption detection
of the NO; radical at 662 nm. The occurrence of sec-
ondary reactions is expected to lead to a stoichiometry
factor of =2, resulting in the upper limit to the rate
coefficient cited in the table.

Preferred Values

k<7x107Y cm® molecale™! s7! at 298 K.

Based on the upper limit derived by Boyd et al.!

References

'A. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.
Wilson, J. Chem. Soc. Faraday Trans. 87, 2913 (1991).

NO, + HCHO > HNO, + HCO

AH°=-58.4%J-mol™!

No new data have been published since our last evaluation.
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Preferred Values

i5:8> 10716 cm® molecule™ s7! at 298 K.
aibility”
Alog k=20.3 at 208 K.

ments: on’ Preferred Values '

The data of Atkinson et al.,! Cantrell ez al.® and Hjorth
il disagree by a factor of ~ 1.5 when the same equilib-
-¢onstant for the reactions NO, + NO; & N,Os is used
piiﬁxcé the rate coefficients on an absolute basis. However,
tate coefficient obtained by Cantrell ef al.? from experi-
is. which-were independent of this equilibrium constant
well with that derived from the Atkinson et al.' data.

«cordingly, a rate coefficient of 5.8X 107! cm® mol-

=571 is recommended, with the uncertainty limits re-

»éting the need for an absolute measurement. The preferred

643

value is identical to our previous evaluation, TUPAC, 19924
While no temperature dependence of the rate coefficient has
been measured to' date, by analogy with the NO; radical

-reaction” with CH3CHO, a preexponential factor of ~2

X 10712 cm® molecule™! s7! is expected, and hence k(NO;

+ HCHO) ~2X10712 exp(—2430/T) cm® molecule™ s7'.
This reaction proceeds by H-atom abstraction.

NO; + HCHO — HNO; + HCO
References

IR. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr.,
J. Phys. Chem. 88, 1210 (1984).

2¢. A. Cantrell, W. R. Stockwell, L. G. Anderson, K. L. Busarow, D.
Pemner, A. Schmeltekopf, J. G. Calvert, and H. S. Johnston, J. Phys. Chem.
89, 139 (1985).

3. Hjorth, G. Ottobrini, and G. Restelli, J. Phys. Chem. 92, 2669 (1988).

4TUPAC, Supplement IV, 1992 (see references in Introduction).

NO; + CH3;CHO — HNO; + CH;CO

LA =—613 x-mol ™!

No new data have been published since our last evaluation.

Preferred Values

- k=2.7%10715 cm? molecule™! s~! at 208 K.
© k= 1.4X10712 exp(—1860/T) cm® molecule™! s™! over
the temperature range 260-370 K.

" Reliability
- -Alog k=202 at 298 K.
. A(E/R)=+500 K.

Almments on Preferred Values
" “The preferred values are based upon the sole absolute rate
woefficient study of Dlugokencky and Howard.! The rate co-
sificients reported by Morris.and Niki,? Atkinson ez al.,® and
{2antrell et al.* (when reevaluated® to be consistent with re-
“gent values of the equilibrium constant for the NO,

+ NO; 22 N,Oj5 reactions) are in good agreement with this
preferred value. However, because of the significant uncer-
tainties in this equilibrium constant,” these relative rate co-
efficient data were not used in the evaluation of the preferred
rate coefficient. The preferred values are identical to our pre-

- vious evaluation, JUPAC, 19925

References

!E. J. Diugokencky and C. J. Howard, J. Phys. Chem. 93, 1091 (1989).

*E. D. Morris, Jr. and H. Niki, J. Phys. Chem. 78, 1337 (1974).

3R, Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Ir.,
J. Phys. Chem. 88, 1210 (1984).

4C. A. Cantrell, J. A. Davidson, K. L. Busarow, and J. G. Calvert, J.
Geopliys. Res. 91, 5347 (1986).

SR. Atkinson, J. Phys. Chem. Ref. Data 20, 459 (1991).

SIUPAC, Supplement 1V, 1992 (see references in Introduction).

NO; + CH;COCH; — HNO, + CH;COCH,

AHP=~155kI-mol ™!

Rate coefficient data

Hem? ‘molecule™! <71 Temp./K

Reference Cominents
““Absolute Rate Coefficients
<(8.5£2.5)x 10718 302 Boyd ez al., 1991} (a)
Comments were believed to be important and a stoichiometry fac-

~41) ~ Stopped flow system with detéction of the NO; radical
by optical absorption at 662 nm. Secondary reactions

tor of =2 has-been used to obtain the cited upper limit
to the rate coefficient.
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Preferred Values
k<3x 1017 cm?® molecule~! s~ at 298 K.

Comments on Preferred Values _

The upper limit to the preferred value is derived from the
measured overall rate coefficient of (1.7+0.5)X 1077 cm?
molecule™! s™1, with no account taken of the expected
greater than unity stoichiometry.

‘References-

'A. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R
Wilson, J. Chem. Soc. Faraday Trans. 87, 2913 (1991).

NO; + CH;0H — products

No new data have been published since our last evaluation.

Preferred Values

k=2.4%1071% cm® molecule™! s~! at 298 K.

k=1.3X10"12 exp(—2560/T) cm® molecule™! s™! over.

the temperature range 290-480 K.

Reliability
Alog k==*0.5 at 298 K.
A(E/R)=+700 K.

Comments on Preferred Values
The preferred values are based on the absolute rate coef-
ficient study of Canosa-Mas et al.,! and are identical to our

previous evaluation, JTUPAC, 19'92.2 The 298 K prefefred
rate coefficient is consistent with the upper limit to the rate
coefficient determined by Wallington ez al.>

References

1C. E. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
Faraday Trans. 2, 85, 709 (1989).

2TUPAC, Supplement IV, 1992 (see references in Introduction).

3T I Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.
Chem. Kinet. 19,.243 (1987).

'NO; + C,HsOH — products

No new data have been published since our last evaluation.

Preferred Values
k<2X 1071 cm® molecule™! s™! at 298 K.

Comments on Preferred Values
The preferred value is based on the only study carried out
to date, and is identical to our previous evaluation, IUPAC,

1992.2 A somewhat higher upper limit is recommended-than
cited by Wallington ez al.'

‘References
I'T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.

Chem. Kinet. 19, 243 (1987).
2JUPAC, Supplement IV, 1992 (see references in Introduction).

NO;+ i-C3H;0H — products

No new data have been published since our last evaluation.

Preferred Values
k<5x 1071 cm® molecule™! s™! at 298 K.

Comments on Preferred Values
The preferred value is based on the only study carried out
to date,’ and is identical to our previous evaluation, IUPAC,

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

1992.2 A somewhat higher upper limit is recommended than
cited by Wallington et al.!

References
'T, J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.

Chem. Kinet..19, 243 (1987). )
2JUPAC, Supplement IV, 1992 (see references in Introduction).
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CH3 + 02+ M hd CH302 + M

&7~ 135.6 kJ-mol ™!

Low-pressure rate coefficients

Rate coefficient data

' molecule™! 571 Temp./K Reference Comments
wive Rate Coefficients .
s 1073 (77300) 73410 [N,)] 264-370 Kaiser, 1993! (a)
# ' and Evaluations
; 107%9(77300) 733 [N, ] 200-300 IUPAC, 19922 ®)
A% 107(77300) 730 [Air] 200-300 NASA, 19943 (c)

Comments

ta;  lrradiation of CH4-Cl,-0,-N, mixtures with a fluores-
cence lamp. CH, and CH;Cl were analyzed by GC.
Rate constants were measured relative to the reaction
CHy + Cl— CH;Cl + Cl [k=3.95%10712
Xexp(—267/T) cm® molecule™! s7!1.4° Falloff ex-
trapolations were carried out with F_values of 0.48,
.46, and 0.42 at 264, 297, and 370 K, respectively.

ity  Based on the results of Ref. 6 which were in good
agreement with the previous preferred values of Ref. 7.

{1 This value was based on a previous compilation,® and
mainly on the data from Keiffer er al.5

Preferred Values

ko=1.0X1073%(77300)~3* [N,] cm® molecule ™! 57! over
the temperature range 200-300 K.

Reliability
Alog kp==*0.2 at 298 K.
An==x1.

Comments on Preferred Values

The recent values of Kaiser' agree very well with our
previous evaluation, IUPAC, 19922 which remains un-
changed.

High-pressure rate coefficients

Rate coefficient data

i.fem” molecule™! 571 Temp./K

Reference Comments
sebutive Rate Coefficients
11.31+0.1)X 10712 (T7300)'-2208 264-370 Kaiser, 1993 (@)
Keviews and Evaluations
20510712 (Tr3on)to 200-400 TIPAC, 19992 (b)
18X 10772 (17300) 17 200-300 NASA, 19943 (c)

Comments

{n) See comment (a) for k.

th)  Values based on Refs. 7 and 9 which have been ex-
trapolated to high pressures with F,=0.27 at 300 K.

{¢)  This value fits the data from Refs. 6 and 9. The tem-

perature dependence was estimated. Extrapolation with
F.=0.6.

Preferred Values

k,=1.8%X107" (T/300)** cm® molecule™' s™* over the
temperature range 200--300 K.

Reliability
Alog k.=%x0.3.
An==x1.

Comments on Preferred Values
The preferred value is an average of earlier results from
Refs. 6 and 9 and the more recent determination by Kaiser.’

References

TE. W. Kaiser, J. Phys. Chem. 97, 11681 (1993).

2IUPAC, Supplement TV, 1992 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).

“L. J. Kovalenko and S. R. Leone, J. Chem. Phys. 80. 3656 (1984).

SR. S. Timonen and D. Gutman, J. Phys. Chem. 90, 2987 (1986).

®M. Keiffer, M. J. Pilling, and M. I. C. Smith, J. Phys. Chem. 91, 6028
(1987).

TIGPAC, Supplement 111, 1989 (see references in Introduction).

SNASA Evaluation No. 9, 1990 (see references in Introduction).

9C. 1. Cobos, H. Hippler, K. Luther, A. R. Ravishankara, and J. Troe, J.
Phys. Chem. 89, 4332 (1985).
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CZH5 + 02 — C2H4 + H02

AH°=-54.7KkJ-mol™'

No new data have been published since our last evaluation.

Preferred Values

k=3.8%10"" c¢m?® molecule™! s~ ! at 298 K and 1 bar.
k=1.9%10""* cm® molecule™! s™! at 298 K and 0.133
bar.

Reliability
Alog k==*0.5 at 298 K.

Comments on Preferred Values

The recommended pressure-dependent values of kg are
from the product study of Kaiser et al.,' and are identical to
our previous evaluation, IUPAC, 1992.% The temperature de-
pendence of the rate coetficient has yet to be established, but

at a given pressure, increasing the temperature leads to
increased yield of C,H,.

For a full discussion on the mechanism of the C,Hs + O
reaction see the paper of Wagner et al® It is clear that fu
atmospheric conditions the interaction of C,Hs with O, I+
form C,H;0, radicals is by far the dominant pathway.

References

YE. W. Kaiser, I. M. Lorkovic, and T. J. Wallington, J. Phys. Chem. 94
3352 (1990).
2IUPAC, Supplement IV, 1992 (see references in Introduction).

3A. F. Wagner, L. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Chem
94, 1853 (1990). .

C2H5 + 02 + M- CZH502 + M

AH°=-150.2 kJ-mol ™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ky=5.9%10"% (77300) 33 [N,] cm® molecule™ ' s™' over
the temperature range 200-300 K.

Reliability
Alog ky=*0.3 at 298 K.
An==1.

Cominents on Preferred Values
Experiments so far have mainly been conducted in the
bath gas He, the previously recommended rate coefficients!

for M = N, and O, being estimated relative to the He data.
The new study of Ref. 2 reports identical rate coefficients for
M = He and N, in the upper-half of the falloff curve. For
this reason we revised the preferred values by using identical
kq values for M = He and N,. We prefer the most extensive
results from Ref. 3 because the long falloff extrapolation to
k, was done with a careful theoretical analysis. However, we
retain the temperaturc cocfficicnt from Ref. 4 which was
determined theoretically. Falloff extrapolations were made
with theoretically derived® values of F, = 0.64 at 200 K and
0.54 at 300 K.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k.=7.8X107'? cm® molecule ™' s, independent of tem-
perature over the range 200-300 K.

Reliability
Alog k..==0.2 over the temperature range 200-300 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Comments on Preferred Values

As for kg, we prefer the most extensive data from Ref. 3
because of their combination with a careful theoretical analy-
sis. We assume a temperature independent rate coefficient k..
below 300 K. Falloff curves were fitted® with an expression
F.={0.58 exp(—17/1250)+0.42 exp(—7/183)} which leads to
F.=0.64 at 200 K and 0.54 at 300 K. Within the stated error
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the available data all agree with the preferred values
on Ref. 3. QRRK calculations* of the reaction are less
ic than the RRKM calculations of Ref. 3. The analysis
fhie reaction system is complicated because there is a cou-
iy of the addition reaction with the reaction forming
4, 1.e., CHs + 0,— C,H, + HO,, see the analysis in
. The preferred values of ko and k. are identical to
in our previous evaluation, IUPAC, 19925

EY

T

References

HUPAC, Supplement III, 1989 (see references in Introduction).

2E. W. Kaiser, T. J. Wallington, and J. M. Andino, Chem. Phys. Lett. 168,
309 (1990). )

3A. F. Wagner, 1. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Chem.
94, 1853 (1990).

“J. W. Bozzelli and A. M. Dean, J. Phys. Chem. 94, 3313 (1990).
STUPAC, Supplement 1V, 1992 (see references in Introduction).

n'C3H7 + 02 + M- n'03H702 +M

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

£+6X 10712 cm® molecule ™ s™1 at 1-10 Torr and 298 K.
5.=8X 10712 cm® molecule™! s™!. independent of tem-
perature over the range 200-300 K.

Helinbility
Alog k.=*0.2 over the range 200-300 K.

£'omments on Preferred Values

The available experimental data are consistent with each
sher.)? Because they were obtained at total pressures below
1) Torr, we estimate that some falloff corrections have to
b applied and these are taken into account in the preferred

values. ‘These values are consistent with experiments for the
reactions C,Hs + O, + M — C,Hs0, + M and i-C3H;
+ 0, + M — i-C3H;0, + M (see this evaluation). These
preferred values are identical to those in our previous evalu-

ation, TUPAC, 19923 .

References

'R. P. Ruiz and K. D. Bayes, J. Phys. Chem. 88, 2592 (1984).

21. R. Slagle, J.-Y. Park, and D. Gutman, 20th International Symposium on
Combustion, 1984 (Combustion Institute, Pittsburgh, PA, 1985), pp. 733-
741.

3IUPAC, Supplement IV, 1992 (see references in Introduction).

i-CqHy + Op + M — i-CgH,0, + M

A*=~158.9 kJ-mol™!

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k., =1.1X107" cm® molecule™" s7!, independent of tem-

perature over the range 200-300 K.

#rliability
Mog k,==*0.3 over the temperature range 200-300 K.

{‘umments on Preferred Values

The preferred values are the average of the results from
Hets. 1 and 2. Falloff corrections are probably within the
snceriainties of the average. The rate coefficient k., for this

reaction appears consistent with those for the reactions
CgHs + Og +M— 'CgHsOg + M and n-C3H7 + 02 + M
— n-C3H;0, + M (see this evaluation). These preferred
values are identical to those in our previous evaluation,
IUPAC, 1992.°

References

'R. P. Ruiz and K. D. Bayes, J. Phys. Chem. 88, 2592 (1984).

2]J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chem. Phys. Lett.
132, 417 (1986).

SIUPAC, Supplement IV, 1992 (see references in Introduction).
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CH;COCH, + O, + M — CH;COCH,0, + M

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values
k.=1.5% 10712 cm® molecule™! s~ at 300 K.

Reliability
Alog k.==0.5 at 300 K.

Comments on Preferred Values .
The preferred values are based on the study of Cox et al.!
Because this is the only study of this reaction, we indicate

large error limits. Near atmospheric pressure this reactic
should be close to the high pressure limit. These preferrc
values are identical to those in our previous evaluation
TUPAC, 19922

References

IR, A. Cox, J. Munk, O. J. Nielsen, P. Pagsberg, and E. Ratajezak, Chen,
Phys. Lett. 173, 206 (1990).
ZI_UPAC, Supplement 1V, 1992 (see references in Introduction).

HCO + 0, — CO + HO,

AH°=-137.7kJ-mol ™!

No new data have been published since our last evaluation.

Preferred Values

k=5.5%10"'? cm® molecule™! s}, independent of tem-
perature cver the range 200-400 K.

Reliability
Alog k=+0.15 at 298 K.
A(E/R)=*150 K.

Comiments on Preferred Values

The most recent measurements of the room temperature
rate coefficient’? are in good agreement with our previous
recommendation.> The preferred temperature-independent
rate coefficient is the average of the room-temperature rate
coefficients of Washida et al.,* Shibuya ez al.,” Veyret and
Lesclaux,® Timonen et al.,! and Stief et al.,? and is identical
to our previous evaluation, I[UPAC, 1992.” Taken together,
the temperature-dependent studies of Veyret and Lesclaux,’

Timonen et al.,' and Stief er al.? show that the rate coeffi
cient of this reaction is essentially independent of tempera
ture over the temperature range 200—-400 K, within the error
limits of the measurements.

References

'R. S. Timonen, E. Ratajczak, and D. Gutman, J. Phys. Chem. 92, 651
(1988).

21. 1. Stief, F. L. Nesbitt, and I. F. Gleason. abstracts of papers presented
at the International Symposium of Gas Kinetics, Assisi, Italy, Septembe:
1990.

3CODATA, Supplement 11, 1984; IUPAC, Supplement III, 1989 (see ref-
erences in Introduction).

4N. Washida, R. I. Martinez, and K. D. Bayes, Z. Naturforsch. Teil A 29.
251 (1974).

SK. Shibuya, T. Ebata, K. Obi, and 1. Tanaka, J. Phys. Chem. 81, 2292
(1977).

6B. Veyret and R. Lesclaux, J. Phys. Chem. 85, 1918 {1981).

"IUPAC, Supplement 1V, 1992 (see references in Introduction).

CH4CO + O, + M — CH,CO; + M

AH®=—148 kJ-mol ™!

High-pressure rate coefficients

No new data have been published since our last evaluation.
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Preferred Values

0X10712 em® molecule™! 57! at 298 K and 1-4
5,0x10712 cm® molecule™! 57, independent of tem-
" perature over ‘the range 200-300 K.

.»=+0.5 over the temperature range 200-300 K.

nmm ‘o Preferred Values
¢-preferred values are based on Ref. 1 Wlth some falloff
:tion estimated by comparison with the reaction C,H;

=850 kI-mol ™!

649

+ .0, + M — C,H;50; + M {see this-evaluation). These
preferred values are identical to those in our previous .evalu-
ation, IUPAC, 1992.

References

IC. E. McDade, T. M Lenhardt, and K. D. Bayes, J. Photochem. 20, 1
(1982).

2IUPAC, Supplement IV, 1992 (see references in Introduction).

CH,OH + 0, — HCHO + HO,

No new data have been published since our last evaluation.

Preferred Values

:’9,'_4><~_10f12 cm® molecule™! s~ at 298 K.

Ifib‘rglityi '
Alog k==x0.12 at 298 K.

snnents: on Preferred Values
“fhe.rate coefficient at 298 K is now well established for
«-reaction, and our recommendation is the average of the
ilts: of Grotheer etal.,! Nesbltt etal.’? Pagsberg etal.}?
“Bivoshi et al.,* Grotheer et al.,’ Dbé et al.® and Payne
and is identical to our prev1ous evaluation, IUPAC,
: X The earlier data of Wang ef al.” and Radford et al.'®
@ rejected on the basis that they involved high concentra-
< wins of radicals, leadlng to mechanistic complications.!! The
» recent studies!? of the temperature dependence of this
ation indicate that the rate coefficient follows a compli-
it non-Arrhenius behavior over the range 200-700 K.
T existing data are difficult to explain and more work is’
#eiled to- confirm the observed temperature dependence of
+-peaction before a recommendation can be made.

Grotheer ef al.! have carried out experiments replacing
CH;0H by CH3;0D and have observed no kinetic effect for
the CH,OH/CH,0D + O, reactions.
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SH.-H. Grotheer, G. Riekert, U. Meier, and Th. Just, Ber. Bunsenges. Phys.
Chem. 89, 187 (1985). '

6S. Débé, F. Temps, T. Bohland and H. Gg. Wagner, Z. Naturforsch. Teil
A 40, 1289 (1985).

TW. A. Payne, J. Brunning, M. B. Mitchell, and L. J. Stief, Int. J. Chem.
Kinet. 20, 63 (1988).
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CH,CHOH + O, — CH;CHO + HO,

AH*==87.6kI-mol”’

No new data have been published since our last evaluation.

Preferred. Values
;=1.9%107" cm® molecule™! 57! at 298 K.

Heliability
Alogk==*0.3 at 298 K.

Comments on Preferred Values

The preferred value of kygg is the mean of the results of
Grotheer et al.,! Anastasi et al.,? and Miyoshi et al.? and is
identical to our previous evaluation, TUPAC, 1992. The
rather large discrepancy between the data of Miyoshi et al.’
and the other two st,udiesl’2 could be due to the: different

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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sources of generation of the CH;CHOH radical. CH;CHOH
radical generationl’2 involving Cl attack on C,HsOH may
not be as clean a source as is the photolysis3 of
CH,COCHOHCH;.

The temperature dependence of the rate coefficient deter-
mined by Grotheer et al.! shows a marked non-Arrhenius
behavior, but this needs to be confirmed before a recommen-
dation can be made.

Evidence for the reaction between CH;CHOH and O,
yielding CH3;CHO as a major product comes from the prod-
uct study of the photooxidation of ethanol by Carter et al.’

References

'H.-H. Grotheer, G. Riekert, D. Walter, and Th. Just, 22nd Internatio:.
Symposium on Combustion, 1988 (Combustion Institute, Pittsburgh, 1"+
1989), pp. 963-972.

2C. Anastasi, V. Simpson, J. Munk, and P. Pagsberg, Chem. Phys. l.ct
164, 18 (1989).

A, Miyoshi, H. Matsui, and N. Washida, Chem. Phys. Lett. 160,
(1989).

“IUPAC, Supplement 1V, 1992 (see references in Introduction).

W, P, L. Carter, K. R. Darnall, R. A. Graham, A. M. Winer, and J. ™
Pitts, Jr., J. Phys. Chem. 83, 2305 (1979).

CH,CH.OH + O, — products

No new data have been published since our last evaluation.

Preferred Values
k=3.0<10"12 cm? molcculc™! 57! at 298 K.

Reliability
Alog k==0.3 at 298 K.

Comments on Preferred Values

The direct measurements’ of this rate coefficient, from the
pulsed laser photolysis of either CICH,CH,OH or
BrCH,CH,OH as the radical source, showed a good level of
consistency. By analogy with the reactions C,Hs + O, + M
— C;H50, + M and CH;CO + O; + M — CH;CO; + M
(this evaluation), the rate coefficient for this reaction is ex-
pected to be close to the high-pressure limit under the ex-
perimental conditions employed. The UV absorption spec-
trum of the HOCH,CH,O, radical has recently been

observed> by pulsed radiolysis of SF¢-H,0 mixtures? and
laser flash photolysis of H,O, (Ref. 3) in the presence ol
C,H, and O,. These observations indicate that the reaction
between CH,CH,OH radicals and O, leads significantly (o
the adduct peroxy radical. The preferred value is identical (o
our previous evaluation, [IUPAC, 1992.*

References

'A. Miyoshi, H. Matsui, and N. Washida, Chem. Phys. Lett. 160, 29
(1989).

2C. Anastasi, D. J. Muir, V. I. Simpson, and P. Pagsberg, J. Phys. Chem
95, 5791 (1991).

3T. P. Murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem
Soc. Faraday Trans. 87, 2351 (1991).

#IUPAC, Supplement IV, 1992 (see references in Introduction).

CH,0 + 0, — HCHO + HO,

AH°=-111.6kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=1.9%10""5 cm® molecule™! s at 298 K.
k=7.2X10"1* exp(—1080/T) cm® molecule™' s™! over
the temperature range 298-610 K.

Reliability
Alog k==*0.2 at 298 K.
A(E/R)==*300 K.

Comments on Preferred Values
The direct measurements of the rate coefficients by Lorenz
et al.! (298-450 K) and Wantuck et al.? (298-973 K) are in

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

good agreement with the similar measurements of Gutma
et al.® (413-608 K), where the temperature ranges overlay
The preferred values are derived from a least-mean-square
analysis of these three sets of data'™ over the temperatur
range 298—608 K and are identical to our previous evalu:
tion, IUPAC, 1992.% The higher temperature measuremeni
of Wantuck et al.? give a clear indication of non-Arrhenit
behavior over the extended temperature range. The anomz
lously low A-factor for a simple H-atom transfer reaction an
the possibility of a more complicated mechanism have bot
been noted.’
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References

“% tlswenz, D. Rhasa, R. Zellner, and B. Fritz, Ber. Bunsenges. Phys.
cigmem 89, 341 (1985).

2P. J. Wantuck, R. C. Oldenborg, S. L. Baughcum, and K. R. Winn, J.
Phys. Chem. 91, 4653 (1987).

3D. Gutman, N. Sanders, and J. E. Butler, J. Phys. Chem. 86, 66 (1982).

4TUPAC, Supplement IV, 1992 (see references in Introduction).

5SNASA Evaluation No. 9, 1990 (see references in Introduction).

C,HsO + O, — CH,CHO + HO, .

a1+ ~134.0 kJ-mol ™!

No .new data have been published since our last evaluation.

Preferred Values

i+9.5% 107" cm® molecule™! s™! at 298 K.
§-6.0X 107 exp(—550/T) cm® molecule™! s~ over the
lemperature range 295-425 K.

Beliubility
Alog k==x0.2 at 298 K.
A{F/R)=%300 K.

“Esunments on Preferred Values

The preferred 298 K rate coefficient and the temperature
dependence are obtained from the mean of the room tem-
gerature rate coefficients of Gutman et al.! (296 K) and of
stanimann er al.? (295 K) and by taking the rounded-off
vajue of E/R of Hartmann et al.? The rate coefficients of
{itman et al.! and of Hartmann et al? differ by 30-50%
which, although within the range of the individual error lim-
#x, is somewhat higher than might be expected from two
direct studies.

The relative rate measurements of Zabarnick and
Heicklen® are within the error limits which we recommend
for our preferred values. We have not taken these results into
account, however, owing to the uncertainty concerned with
the rate coefficient of the reference reaction of CH;0 + NO
— products.

It should be noted that the A-factor for the above reaction
is very low, but in keeping with that for the analogous reac-
tion CH;0 + O,— HCHO + HO,. The preferred values are
identical to our previous evaluation, TUPAC, 1992.4

References

'D. Gutman, N. Sanders, and J. E. Butler, J. Phys. Chem. 86, 66 (1982).

2D. Hartmann, J. Karthiuser, J. P. Sawerysyn, and R. Zellner, Ber. Bun-
senges. Phys. Chem. 94, 639 (1990).

3S. Zabarnick and J. Heicklen, Int. J. Chem. Kinet. 17, 455 (1985).

“IUPAC, Supplement IV, 1992 (see references in Introduction).

n"C3H7° + 02 i 02H5CHO + H02

Ai°=-131.4kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values
k=8X 1071 cm® molecule™ s7! at 298 K.

Keliability
Alog k=%x0.5 at 298 K.

{‘omiments on Preferred Values

T'he preferred value is identical to our previous evaluation,
HIPAC, 1992.! The rate coefficient at 298 K is derived from
the study of Zabarnick and Heicklen? which, though heavily
dependent upon the choice of data for the reference reaction,
n3H,0 + NO — products, is consistent with data for
uther RO + O, reactions obtained from direct studies. Here

we have selected ky,g to be equal to that for the
C,H;0 + O, reaction.

The temperature coefficient determined by Zabarnick and
Heicklen” from their relative rate system is considerably
greater than those for the C,HsO + O, (E/R=550 K) or the
i-C;H,0 + O, (E/R=200 K) reactions, both of which were
obtained from direct studies. This aspect of the reaction re-
quires further experimental work.

References

'TUPAC, Supplement IV, 1992 (see references in Introduction).
2S. Zabarnick and J. Heicklen, Int. J. Chem Kinet. 17, 477 (1985).
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i-C3H70 + 02 - CH3COCH3 + H°2

AH®=—1503 KJ-mol~!

k=
k=

No new data have been published since our last evaluation.

Preferred Values

8x 107 cm® molecule™? s™* at 298 K.
1.5X 107 exp(~200/T) cm® molecule™! s~ ! over the
temperature range. 290-390 K.

Reliability
Alog k=%0.3 at Z98 K.
A(E/R)==*200 K.

Comments on-Preferred Values

The preferred values are identical to our previous evalua- |
tion, [IUPAC, 1992." The resuits of Balla et al.” on the rate
coefficient of this reaction appear reasonable in relation ti-:
data for other reactions of this type. Both the rate coefficient
and temperature coefficient require confirmation. ‘

References

TUPAC, Supplement IV, 1992 (see references in Introduction).
’R. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. Phys. 99, 323 '
(1985). : '

R4(R,)CHO + O, — R,COR, + HO, or — products (1)
Ry(R,)CHO + M — R,CHO + R + M @

(R=H, alkyl or substituted alkyl)

Rate coefficient data .

Reactions kq+k5'/em® molecule™ " - Temp/K Reference Comments
CH;0CH,0+0, — CH;0CHO+HO, (1) k,[0,1~k, (1 atm, air) 295 Jenkin et al., 19931 (@
CH;0CH,0+M — CH;OCHO+H+M:(2) o : - '

CH;COCH,0+0, — CHy;COCHO+HO, (1) ki[0,]<k; (1 atm, air) 298 Jenkin ef al, 1993  (b)
CH;COCH,0+M — CH;CO+HCHO+M (2) * k,10,)<k, (1 atm, air) 298 Bridier et al., 19933 ©

(a)

(b)

(©

Comments

Steady-state photolyses of Cl,-CH3OCH;3-O,-N, mix-
tures (10-760 Torr) with long-path FTIR analyses, and
molecular modulation studies of similar reactant mix-
tures with UV absorption monitoring of CH;0CH,0,
radicals. In both systems, kinetic treatments indicate
that reactions (1) and (2) were competing under the
conditions of the experiments.

Steady-state photolyses. of . Cl,-CH;COCH;-0,-N,
mixtures (700 Torr) with-long-path FTIR and long-path
UV visible diode array spectroscopy analyses of prod-
ucts. Data indicate that reaction (2) predominated over
reaction (1) under the conditions of the experiments.
Flash photolyses -of Cl,-CH;COCH;-air mixtures
(1 atm) with UV absorption monitoring of
CH;COCH,0, radicals. Data indicate that reaction (2)
predominated over reaction (1) under the conditions.of
the experiments.

dJ..Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Preferred Values
No quantitative recommendations.

Comments on Preferred Values

Although the results listed above for the reactions of the
CH;0CH,0 and CH;COCH,O radicals are not quantitative,
for the purposes of atmospheric modeling studies it is rec-
ommended that the above qualitative information on the ra-
tios k;/k, be used to decide if one or the other of the alkoxy
radical reaction pathways predominates, or if both pathways
should be considered.

References

M. E. Jenkin, G. D. Hayman, T. J. Wallington, M. D. Hurley, J. C. Ball,
0. 1. Nielsen; and T. Ellerman, J. Phys. Chem. 97, 11712 (1993).

- 2M. E: Jenkin, R:-A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc.
Faraday Trans. 89, 2983:(1993). .
31 Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-
day Trans. 89, 2993 (1993).
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" CH; + 03 — products

No new data have been published since our last evaluation.

‘Preferred Values

! at 298 K.
1

5% 1072 cm® molecule™
X 10712 exp(—210/T) cm® molecule
mperature range 240-400 K.

over the

aliry
g k==x0.3 at 298 K.
/R)—+200 K.

hients on Preferred Values
preferred values are based on the tevised calculauons
Itcnghl et al.!l of the earlier data of Ogryzlo et al., 2

which result from a correction for the pressure drop along the
flow tube between the reaction vessel and the manometer,
and are identical to our previous evaluation, IUPAC, 19923

References

'R. Paltenghi, E. A. Ogryzlo, and K. D. Bayes, J. Phys. Chem. 88, 2595

“ (1984). ' '

2E, A. Ogryzlo, R. Paltenghi, and K. D. Bayes, Int. J. Chem. Kinet. 13, 667
(1981).

3IU'PAC Supplement IV, 1992 (see references in Introductlon)

CH50 + NO + M — CH;ONO + M (1)

- CH40 + NO — HCHO + HNO  (2)

4{1)% —173.2 kI -mol !
1) ~116.9 kJ-mol ™!

- Low-pressure rate coefficients

Rate coefficient data

v molecule™! 57! Temp./K Reference Comments
ssute’ Rate Coefficients )
%71:3)%107% [He] 296 Ohmori, Yamiasaki, and Matsui, 1993! ()
£ 0)x107% [N, ] 296
hm +0:45)x 107% [CE,] 296
§1,55::0.40)X 10~ [SF,] 296
wy _and Evaluations . -
. <1072 (7/300)~3 [N,] 200-400 IUPAC, 19922 {b)
L LAX1072(77300) 348 [Air] 200-300 NASA, 19943 (©)

Comments

’;CH'30 radicals were generated by. photolysis of
VCHQONO at 266 and 355 nm and detected by LIF.
Bath gas pressures were varied between 7-100 Torr
(He), 10-70 Torr (N,), 15-50 Torr (CF,), and 10-50
 Torr (SFg).
i) Based on the data of Refs. 4 and 5 using F.=0.6. A
branching ratio of ky/(k; +k,)=0.45 is reported in Ref.
6. .
“Taken from the results of Frost and Smith* for M =Ar.

4

Preferred Values

ok =1.6X1072(77300) 33 [N,] cm® molecule ™! s™! over

the temperature range 200_ —400 K.

k,=4X107'3(7/300)"%" cm® molecule™! s™' over the
temperature range 200-400 K.

Reliability
Alog kg;==*0.1 at 298 K.
An==*0.5.

Comments on Preferred Values

The preferred rate coefficient values are based on the data
of Frost and Smith* and McCaulley et al..’ and are identical
to our previous evaluation, JUPAC, 19922 The branching
ratio is also from Ref. 2. The recently reported %g; values by
Ohmori ef al.! forM=N, at 296 K are a factor of 3.7 lower
than previously recommended. The cause of this difference
is not clear but it may be in the separation of k; and k;.

J. Phys. Chem. Ref. Data, -Vol. 26, No. 3, 1997
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High-pressure rate coefficients

Rate coefficient data

ke y/om® molecule™ 7! Temp./K Reference Comni-:
Absolute Rate Coefficients
4.5%1.5)x10"1 298 Ohmori, Yamasaki, and Matsui, 1993' (a)
Reviews and Evaluations
3.6x 1071 (77300) %6 200-400 1UPAC, 1992% (b
3.6x 107 (17300) 06 200-300 NASA, 1994 (c)
Comments An=%0.5.

(a) See comment (a) for ky;. ke evaluated using
Lindemann-Hinshelwood theory, i.e., using F,=1.

(b) The recommended values are from Ref. 4. Because
they have been evaluated with F,=1, an increase of
k., is expected when an analysis with a smaller, more
realistic value of F, is done.

{c) See comment (c) for kg, .

Preferred Values

ko =3.6X 107 1(T7300) % cm® molecule ™! s™! over the
temperature range 200-400 K.
Reliability
Alog ke;==*0.5 at 298 K.

Comments on Preferred Values

The preferred values are identical to our previous evalu:
tion, TUPAC, 1992,% and are consistent with the resuits frou:
Ohmori et al." at 296 K.

References

'K. Ohmori, K. Yamasaki, and H. Matsui, Bull. Chem. Soc. Ipn. 66, >!
(1993).

2JUPAC, Supplement 1V, 1992 (see references in Introduction).

3NASA Evalvation No. 11, 1994 (see references in Introduction).

*M. J. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Trans. 86, 175
(1990).

*J. A. McCaulley, A. M. Moyle, M. F. Golde, S. M. Anderson, and |
Kaufman, J. Chem. Soc. Faraday Trans. 86, 4001 (1990).

SM. E. Jenkin, G. D. Hayman, and R. A. Cox, J. Photochem. A 42, 18
(1988).

C,Hs0 + NO + M — C,HsONO + M (1)
C,Hs0 + NO — CH,CHO + HNO (2)

AH(1)——176.9 kJ-mol ™!
AH°(2)=-139.3 kJ-mol

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

keey =4.4%x10"" cm® molecule™ s™! over the tempera-
ture range 200-300 K.
k,=1.3X10"" cm® molecule™! s™' at 300 K.

Reliability
Alog k,.,;=*0.3 at 298 K.
An==05.

Comments on Preferred Values

The recommended value of k.; is based on the data of
Frost and Smith,! and is consistent with values for related
reactions such as CH;O + NO + M — CH;ONO + M and
i-C3H;0 + NO + M — i-C3;H;0NO + M (see this evalu-

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

ation). The value of k, is estimated via the preferred value of
k.., and the ratio ko/k.,; =0.3 such as measured in Ref. 2.
These preferred values are identical to those in our previous

evaluation, IUPAC, 1992.2

References

'M. J. Frost and 1. W. M. Smith, J. Chem. Soc. Faraday Trans. 86, 1757
(1990).

>G. Baker and R. Shaw, J. Chem. Soc. A, 6965 (1965).

'IUPAC, Supplement IV, 1992 (see references in Introduction).
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FC3H,0 + NO + M — -CsH,ONO + M (1)
C3H,0 + NO — (CH5),CO + HNO {2)

f-'155.6 kI -mol !

High-pressure rate coefficients

Rate coefficient data

No new data have been published since:our last evaluation.

Preferred Values Comments on Preferred Values
The preferred value of k.., is based on the study of Balla

L independent‘ of et al.,! and is identical to our previous evaluation, IUPAC,

k., =34%1071 cm® molecule™! s~

temperature over the range 200-300 K. 1992.2 The value of k; is obtained from the preferred .,; and
4:%6.5% 1072 ¢cm® molecule™! s™! at 300 K. the rate- coefficient ratio k,/k; =0.19+0.03, independent of
o temperature, measured in Ref. 3.
Undinbility References
“AMog k;=%0.3 at 298 K.
; = +0.5 IR. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. Phys. 99, 323
A= 0.9 (1985).
Mog k,=7*0.5 at 298 K. 2IUPAC, Supplement IV, 1992 (see references in Introduction).

3L. Batt and R. T. Milne, Int. J. Chem. Kinet. 9, 141 (1977).
CH;0 + NO, + M — CH,ONO, + M (1)
CH;0 + NO, — HCHO + HONO (2)

#*{1)=—170.5 kJ-mol ™!
72(2)=—238.9kJ-mol !

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Comments on Preferred Values

The agreement between the studies of Refs. 1 and 2 ap-
ky=2.8X107% (7/300)™*% [N,] em’ molecule™" s~ pears satisfactory, in particular if the different ways of treat-
over the temperature range 200-400 K. ing the falloff curve are taken into account. We assume simi-
, lar values of k; for M=Ar and N,. Falloff curves are
- Reliability constructed with F,=0.44 at 300 K such as chosen in Ref. 2.
Alog kp=+0.3 at 298 K. Reaction (2) appears to play only a minor role at pressures

An==1. above 10 Torr.!

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Reliability
Alog ky=*0.3 at 298 K.
keo;=2.0X10""" cm® molecule™' s~!, independent of An=+0.5.

temperature over the range 200-400 K.
' Comments on Preferred Values
The preferred k. value based on Ref. 2 appears consistent
with the values for related reactions RO + NO + M

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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— RONO + M (with R = CHj, C,Hs, i-C3H;, see this
evaluation). Falloff curves are constructed with F,=0.44
from Ref. 2. Reaction (2) appears to be only of minor
importance.' These preferred values are identical to those in
our previous evaluation, IUPAC, 19923

References

3. A. McCaulley, S. M. Anderson, J. B. Jeffries, and F. Kaufman, Chen
Phys. Lett. 115, 180 (1985).

2M. 1. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Trans. 86, 17
(1990).

*IUPAC, Supplement . . . ~ = Introduction).

CHs0 + NO, + M — C,H:ONO, + M (1)
C,Hs0 + NO, — CH;CHO + HONO (2)

AH®(1)=-170.0kJ-mol™!
AH®(2)=-261.3kJ-mol "~}

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ke;=2.8%10""" cm® molecule™ s~!, independent of
temperature over the range 200-300 XK.

Reliability
Alog k..;==*0.3 at 298 K.
An==*0.5.

Comments on Preferred Values

The value of k., is based on the data of Frost and Smith,’
and appears consistent with values for related reactions? such
as RO + NO + M — RONO + M (with M = CHs,

C,Hs, and i-C3H;) or CH;0 + NO, + M — CH;0NO.
+ M (see this evaluation). Reaction (2) appears to be ol
minor importance (kp/k..; < 0.2) in the high-pressure rangc
of the reaction” (see also the CH;0 + NO, reaction system:
this evaluation). The preferred values are identical to those in
our previous evaluation, IUPAC, 19923

References

'M. J. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Trans. 86, 1751
(1990).

2R. Atkinson and A. C. Lloyd, J. Phys. Chem. Ref. Data 13, 315 (1984).

*IUPAC, Supplement IV, 1992 (see references in Introduction).

iFC4H,0 + NO, + M — -C;H,0NO, + M (1)
iC3H,0 + NO, — (CH5),CO + HONO (2)

AH°(1)=-171.7 kJ-mol ™
AH®(2)=—277.6 kJ-mol ™"

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k. =3.5x10""" cm® molecule™! s”!, independent of
temperature over the range 200-300 K.

Reliability
Alog k,;=*+0.3 at 298 K.
An==x0.5.

Comments on Preferred Values

This recommendation is based on Ref. 1. The values of
k) are consistent with other related reactions such as RO
+ NO + M — RONO + M and RO + NO, + M

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

— RONO,+ M (with R = CHj;, CHs, i-C3H,, see this
evaluation and Ref. 2). It is estimated that k,/k.,; <0.2. These

preferred values are identical to those in our previous evalu-
ation, IUPAC, 1992.°

References

'R. ]. Balla, H. H. Nelson, and J. R. McDonald, Chem. Phys. 99, 323
(1985).

’R. Atkinson and A. C. Lloyd, J. Phys. Chem. Ref. Data 13, 315 (1984).

*IUPAC, Supplement IV, 1992 (see references in Introduction).
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CH30, + NO — CH;0 + NO,~

9.9 kI mol ™

Rate coefficient data

m)_lécule" s7! Temp./K Reference Comments
. Ra{é Coefficients

10712 208~ Sehested, Nielsen, and Wallington, 1993! : © {a).
s.and Evéluattons . .o . e . .
10712 exp(200/T) 240-370 Wallington, Dagaut, and Kurylo, 1992 b)

12 exp(180/T) 218-365 Lightfoot et al., 1992° . (©) -

1077 exp(180/7) 240-360 IUPAC, 1992 ©
1072 exp(180/7) 200-300 NASA, 1994° ()

Comments

Pulse radiolysis of SF¢-CH,-0,-NO mixtures at a total
pressure of 760 Torr, with UV absorption determina-
tion ‘of [CH;0,].

Leaet—squares apalysis of selected data of Plumb
eral. %" Cox and Tyndall.} Sander and Watson.” Rav-
ishankara e al.,'% Simonaitis and Heicklen,"' and Zell-

kaos Was the mean of the data of Plumb ez al.,’ Cox and
" Tyndall,® Sander and Watson,9 Ravishankara et al.,'°
* Simonaitis and Heicklen,"! and Zellner et al,'? and
/R was. from the data of Ravishankara et al 10 and
‘31monams and Hcicklen.!

Preferred Values

7 6>< 10 12 ¢m?® molecule™! s at 298 K
(+:4,2X 10712 exp(180/T) cm’ molecule s7!
: ,tcmperature range 240-360 K.

over the

-’u/}abllzty
“Alog k==0.1 at 298 K.
o _;_ML/R)— +180 K.

Comments on Preferred Values :

The data of Sehested ef al.! are in good agreement with
the earlier results,~'? and the preferred values are identical
to our previous evaluation, IUPAC, 1992.4
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‘IUPAC, Supplement IV, 1992 (see references in Introduction).

SNASA Evaluation No. 11, 1994 (see references in Introduction).

S1. C. Plumb, K. R. Ryan, J. R. Steven, and M. F. R. Mulcahy, Chem. Phys.
Lett. 63, 255 (1979).

1. C. Plumb, K. R. Ryan, I. R Steven, and M. F. R. Mulcahy, J. Phys.
Chem. 85, 3136 (1981).

8R. A. Cox and G. Tyndall, Chem, Phys. Lett. 65, 357 (1979); J. Chem.
Soc. Faraday Trans. 2, 76, 153 (1980).

9Q P. Sander and R T. Watson, 1. Phys. Chem. 84, 1664 (1980).

WA. R. Ravishankara, F. L. Eisele, N. M. Kreutter, and P. H. Wine, J.
Chem. Phys. 74, 2267 (1981).

MR, Simonaitis and J. Heicklen, J. Phys. Chem. 85, 2946 (1981).

12R. Zeliner, B. Fritz, and K. Lorenz, J. Atmos. Chem. 4, 241 (1986).
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C2H502 + NO — C2H50 + N02 (1)

CZHsoz + NO + M g 02H50N02 + M (2)

AH°(1)=-45.6 kJ-mol™!
AH® (2)=-215.6 kJ-mol ™!

Rate coefficient data (k=i +k,)

1

kicm® molecule™! s~ Temp./K Reference Commont
Absolute Rate Coefficients
85=x1.2)x 10712 298 Sehested, Nielsen, and Wallington, 1993! (a)
Reviews and Evaluations
9x 10712 298 Wallington, Dagaut, and Kurylo, 19922 (b)
8.9%x10712 298 Lightfoot et al., 1992° (b)
8.9x 1071 298 IUPAC, 1992* (b)
ks/k=<<0.014 (1 bar) 298 (©
8.7x10712 200-300 NASA, 1994° (d)
Comments Comments on Preferred Values
. . . The preferred value of i an of the data ol
(a) Pulse radiolysis study of SF¢-C,Hg-O,-NO mixtures at preled ed value of kyg is %he mean of the data «
. . . Plumb ef al.” and Sehested ef al.,” which are in excellen
a total pressure of 760 Torr, with UV absorption ki-
. . agreement. A measurement of the temperature dependence ol
netic spectroscopy of C,H;0, radicals. . . . . .
6 k is still lacking but it appears likely that £/R will be close 1o
(b) Based on the data of Plumb et al. zero by analogy with the CH;0, + NO reaction
(c) Based on the data of Atkinson ef al.’ y gy 32 :
(d) Based on the room temperature rate coefficients of References

Plumb et al.5 and Sehested et al.! The zero temperature
dependence of the rate coefficient was estimated.

Preferred Values

k=8.7x107'2 cm® molecule™! 57! at 298 K.
ky/k=<<0.014 at 298 K and 1 bar pressure.

Reliability
Alog k=+0.2 at 298 K.

'J. Sehested, O. J. Nielsen, and T. J. Wallington, Chem. Phys. Lett. 213,
457 (1993).

2T. J. Wallington, P. Dagaut, and M. J. Kurylo, Chem. Rev. 92, 667 (1992

3p. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
E. Jenkin, G. K. Moortgat, and F. Zabcl, Atmos. Environ. 26A, 1805
(1992).

4IUPAC, Supplement IV, 1992 (see references in Introduction).

SNASA Evaluation No. 11, 1994 (see references in Introduction).

61 ¢ Plumhb, K. R. Ryan, I. R Steven, and M F. R. Muteahy, Int. I. Chem
Kinet. 14, 183 (1982).

"R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
Pitts, Jr., J. Phys. Chem. 86, 4563 (1982).

HOCH,CH,0, + NO — HOCH,CH,O + NO,

Rate coefficient data

b1

kiem® molecule™" s Temp./K Reference Comments
Absolute Rate Coefficients

(9x4)x 10712 298 Becker, Geiger, and Wiesen, 1991 (a)
Reviews and Evaluations

9x 10712 298 Lightfoot er al., 19922 (b)

(a)

Comments

Pulsed excimer laser photolysis of H,0O, in the pres-
ence of C,H,-0,-NO mixtures at total pressures of 760
* 5 Torr. Relative HO radical concentrations were de-
termined as a function of time using LIF, and simulated

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

by a mechanism consisting of 11 reactions, of which &
of above reaction was the most sensitive.
(b) Bascd on the data of Becker et al.!
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- Preferred Values

1071 cm® molecule™" 5™ at 298 K.

0.5 at 298 K.

{s o Preferred Values
te_coefficient reported by Becker et al., ! which is
lrded, is consistent with the rate coefficients of the

n'C3H702 + NO — n'C3H70 + N02

659

reactions of CH;0, and'C,Hs0, radicals with NO. Indepen-
dent confirmation is needed to reduce the recommended er-
ror limits.

References

1K. H. Bocker, H. Geiger, and P. Wicsen, Chem. Phys. Lcett. 184, 256
(1991). '
2p. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
E. Jenkin, G. X. Moortgat, and F.. Zabel, Atmos. Environ. 26A, 1805
(1992).

0

'n-C3H;0; + NO + M — n-C;H,ONO, + M (2)

No new data have been published since our last evaluation.

Preferred Values (k=kq+ k3)

0%107'2 cm® molecule™ s™ at 298 K.
0.020 at 298 K and 1 bar pressure.

'br‘liry
g k==>0.3 at 298 K.
2/k)==0.01 at 298 K (1 bar).

anients on Preferred Values

‘our ‘previous evaluations,' ™ in the absence of any ex-
ymental data we recommended. the value k=8.9X 1072
molecule™! s™! at 298 K by analogy with the reaction
0, + NO — products and in line with our recommen-

ms for the reaction i-C3H;0, + NO — products. Now

i'03H702 +NO b d i'03H70 + N02

that we have changed the recommendation for the latter re-
action, we have also changed the above recommendation, but
note that it is still in line with the value for the reaction,
C,H50, + NO — products.

The preferred branching ratio is that measured by Atkin-
son ef al.* and subsequently revised by Carter and Atkinson.>

References

'CODATA, Supplement II, 1984 (see references in Introduction).

2TUPAC, Supplement III, 1989 (see references in Introduction).

3IUPAC, Supplenient IV, 1992 (see references in Introduction).

4R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
Pitts, Jr., J. Phys. Chem. 86, 4563 (1982).

SW. P. L. Carter and R. Atkinson, J. Atmos. Chem. 8, 165 (1989).

(1)

i-C3H;0, + NO + M — ~C,H,ONO, + M (2)

e f1)~—405k1 mol™!

Rate coefficient data (k=k;+k;)

Temp./K Reference Comments
HENE1.2)X 10712 290 Peeters. Vertommen, and Langhans, 1992! {a)
wching Ratios
ok k=0.042+0.003 299 Atkinson et al., 1982% {b)
{735 Torr air) Carter and Atkinson, 1989°
o Reviews and Evaluations
L #HX10712 298 IUPAC, 1992¢ (c)
ik 16=0.043 298
Shaaxi1oT? 294 Lightfoot er al., 1992° )

J. Phys.-Chem. Ref. Data, Vol. 26, No. 3, 1997
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Comments

(a) Fast-flow system with molecular beam sampling mass
spectrometry at a total pressure of 2 Torr. The rate
coefficient k was derived from the rate of formation of
N02.

(b) Photolysis of CH3;ONO-NO-C3Hg or Cl,-NO-C;Hg
mixtures at total pressures of 735 Torr of air. The
branching ratio was determined” from the measured
yields of i-C3H;0ONO, and the consumption of C;Hs.
Carter and Atkinson® have recalculated the branching
ratio, cited above, from the original data® on the basis
of revised data for the rate coefficients of the HO
+ alkane reactions.

(c) The value of k was assumed to be equal to that of the
reaction of C,HsO, + NO — -products, and the
branching ratio was taken from Atkinson et al.”

(d) Averallge of the data of Adachi and Basco® and Peeters
etal

Preferred Values

k=5.0x10"12 ¢m?® molecule™! s~ at 298 K.

ko/k=0.042 at 298 K and 1 bar pressure.

Reliability
Alog k=+0.3 at 298 K.
A(ky/k)=*0.01 at 298 K (1 bar).

Comments on Preferred Values

The recent study of Peeters et al. appears to be reliubi
and their rate coefficient is recommended. The earlier resu:
of Adachi and Basco® (k=3.5X107'2 cm® molecule™! s '
298 K), although now reasonably close to our recommencd:
value, was discounted in our previous evaluation.*

References

1]. Peeters, J. Vertommen, and 1. Langhans, Ber. Bunsenges. Phys. Cheu:
96, 431 (1992).

ZR. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J.
Pitts, Jr., J. Phys. Chem. 86, 4563 (1982).

3W. P. L. Carter and R. Atkinson, J. Atmos. Chem. 8, 165 (1989).

4TUPAC, Supplement TV, 1992 (see references in Introduction).

Sp. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman. M
E. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Environ. 26A, 180"
(1992).

6H. Adachi and N. Basco, Int. J. Chem. Kinet. 14, 1243 (1982).

CH3C03 + NO — CH3 + C02 + N02

AH°=-133kI-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=2.0%10""" cm® molecule™! s7!, independent of tem-
perature over the range 280-325 K.

Reliability
Alog k==%0.2 over the temperature range 280-325 K.
A(E/R)==*600 K.

Comments on Preferred Values

The two studies’? of the rate coefficient ratio &/
k(CH;CO; + NO,) are in good agreement. The pretferred
value is obtained from the mean value of kk(CH;CO;
+ NO,)=2.1%+0.3 obtained from the data of Kirchner ez al!
and Tuazon ef ul.? at total pressures of 740 and 750 Torr of
air. Over the temperature range 283-321 K these two sets of
data indicate that this ratio is essentially temperature-
independent, within the error limits of the measurements

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

(E/R =646+ 564 K). The rate coefficient k¥ was then ob-
tained by taking k(CH;CO;+NO,)=9.3%10""? cm® mol-
ecule™! s™! at 1 atm pressure (see data sheets for the reac-
tion CH;CO; + NO, + M — CH;CO; + NO, + M, this
evaluation). The preferred values are identical to our previ-
ous evaluation, JTUPAC, 19923

The experiments of Kirchner ez al.! also show that the rate
coefficient k shows no pressure dependence over the pressurc
range 22-750 Torr, as expected.

References

'E Kirchner, F 7ahel, and K. H. Becker. Ber. Bunsenges. Phys. Chem. 94.
1379 (1990).

2E. C. Tuazon, W. P. L. Carter, and R. Atkinson, J. Phys. Chem. 95, 2434
(1991).

3JUPAC, Supplement 1V, 1992 (see references in Introduction).
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C,H:CO; + NO — C,Hs + CO, + NO,

Rate coefficient data

molecule™ 57! Temp./K

Reference Comments
ve Rate Coefficients
51071 302 Kerr and Stocker, 1985! (a)
Comments Reliability

Photolysis of dilute mixtures of synthetic air containing

‘The rate coefficient ratio k/k(C,HsCO; + NO,)=1.9
was determined from the effect of the [NOJNO,]

ratio--on. the yield of _peroxypropionyl nitrate,

"CH,CH,C(O)OONO,. The rate coefficient k is calcu-

lated-- here using- a ‘rate ~ coefficient of
KCHsCO; + NO,)=1.0x10"! cm® molecule™
©s7! at-298 K and 1 atm pressure, by analogy with the
-~reaction CH;CO; + NO, + M (this evaluation).

Preferred Values

%=2.0X 107! cm® molecule™! s™! at 298 K.

NO, NO,, and C,H;CHO at a total pressure of 1 atm.-

Alog k==*0.5 at 298 K.

‘Comments on Preferred Values

This reaction requires to be studied by a more direct tech-
nique to lower the recommended error limits, although the

..above value is in agreement with the value of #{(CH;CO;

+ NO)=2.0x10"" cm® molecule™! s™! over the tempera-
ture range 280-325 K (this evaluation).

References

15, A. Kerr and D. W. Stocker, J. Photochern. 28, 475 {1985).

CH40, + NO, + M — CHs0,NO, + M

AHO=~88kJ-mol™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ky=2.5%10"% (7/300)~% [N,] cm® molecule™ s~ ! over
. the temperature range 250-350 K.

Keliability
Alog ky==0.3 at 298 K.
An==x1.

Comments on Preferred Values

The preferred values are based on the theoretical analysis
of Ref. 1, which used the previous experimental determina-
tions. These values are based on a theoretically determined
value of F,=0.36 at 300 K. The difference between Refs. 2
and 3 is due to the different values of F,used, with the analy-
sis of Ref. 3 being based on a standard value of F.=0.6. The

preferred values are identical to our previous evaluation,
IUPAC, 19924

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k.=7.5%10""? cm® molecule™! s~!, independent of tem-
perature over the range 250-350 K.

Reliability

Alog k,=*+0.3.
An==*05.

Comments on Preferred Values

See comments on kq.

Intermediate falloff range

Rate coefficient data

kiem® molecule™ 57! P/Torr M Temp./K Reference Comment
Relative Rate Coefficients

(4.4+0.4)x 10712 760 air 298 Bridier, Lesclaux, and Veyret, 1992° (a)

(2.84%0.15)x 1012 760 air 333

(2.25+0.32)x 10712 760 air 353

(2.090.9)x 10712 760 air 368

(1.4£0.4)x 10712 760 air 373

Comments References

(a) Flash photolysis study of the CH;0, + NO, + M
= CH;0,NO, + M reaction system. CH; radicals
were generated by photolysis of Cl,-CH,-O, mixtures
and monitored at 245 nm. The spectrum of
CH;0,NO, was monitored between 200-280 nm.
From the temperature dependence of the determined
equilibrium  constant, AHS5=—(92.7x0.5) kJ
mol~! was derived.

M. Destrian and J. Troe, Int. J. Chem. Kinet. 22, 915 (1990).
2CODATA, Supplement I, 1982 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).
4TUPAC. Supplement IV, 1992 (see references in Introduction).

51. Bridier, R. Lesclaux, and B. Veyret, Chem. Phys. Lett. 191, 259 (1992).

CH302N02 +M— CH302 + N°2 + M

AH°=88 kJ-mol~'

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ko=6.8x1071 [N,] s7! at 298 K.
kg=9X107% exp(—9690/T) [N,]s~! over the temperature
range 250-300 K.

Reliability

Alog kp==*0.3 at 298 K.
A(E/R)=*+500 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Comments on Preferred Values

The preferred values correspond to the data and analysis
of Ref. 1. A theoretical analysis of these data and those of the
reverse reaction in Ref. 2 gives an internally consistent pic-
ture (with AH®=88.5 kJ mol™"). Slightly lower limiting rate
coefficients were obtained in Ref. 3, where a value of
F.=0.6 was used. The preferred values are identical to our
previous evaluation, IUPAC, 19924
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High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

5571 at 208 K.

range 250-300 K.

1% 10 exp(—10560/T) s~ over the temperature

Reliability

Alog k,=%+0.3 at 298 K.
A(E/R)=*500 K.

Comments on Preferred Values
See comments on preferred values of kg.

Intermediate falloff range

Rate coefficient data

P/Torr M Temp./K Reference Comments
Rate Coe[ﬁcients
332 760 air 333 Bridier, Lesclaux, and Veyret, 1992° (a)
4 760 air 353
6 760 air 368
283 760 air 373
Comments References

Flash' photolysis study of the CH;O, + NO, + M
2 CH30,NO, + M reaction system. CH;0, radicals

were: generated by photolysis of Cl,-CH,-O, mixtures
sand’ monitored at 245 nm. The spectrum of
’;:CH_'302N02 was observed between 200-280 nm. From
"rthe;t'e_mperature dependence of the determined equilib-
rium-constant AHSgz =—(92,720.5) kJ mol™! was de-

rived.

!F, Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Chem. 93,
5500 (1989).

2M. Destriau and J. Troe, Int. J. Chem. Kinet. 22, 915 (1990).

3 A. Bahta, R. Simonaitis, and J. Heicklen, J. Phys. Chem. 86, 1849 (1982).

“IUPAC, Supplement IV, 1992 (see references in Introduction).

5Y. Bridier, R. Lesclaux, and B. Veyret, Chem. Phys. Lett. 191, 259 (1992).

02H5°2 + N02 + M- 02H502N02 +M

AH®=—67.7 K -mol™?

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

the temperature range 200-300 K.
Keliability -
- Alogky==0.3 at 298 K.

An==*1.

: ky=1.3X10"% (7/300)~52 [N,] cm> molecule™" s~ over

Comments on Preferred Values

The preferred values are an average of the data from Refs.
1 and 2. The temperature dependence is from the theoretical
analysis of Ref. 2. Falloff extrapolations were made with
F.=0.31 at 250-300 K such as given from the theoretical
analysis of Ref. 2.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997



664 ATKINSON ET AL.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Comments on Preferred Values
13 R See comments on ky. The preferred values of ky and &, ai:
k»=8.8X 107" cm” molecule™ " s~ °, independent of tem-  jgentical to those in our previous evaluation, IUPAC, 199>
perature over the range 200-300 K.
References
Reliability
Alog k,=x0.3 over the temperature range 200-300 K. 1G. Elfers, F. Zabel, and K. H. Becker, Chem. Phys. Lett. 168, 14 (1990

2M. Destriau and J. Troe, Int. J. Chem. Kinet. 22, 915 (1990).
3IUPAC, Supplement IV, 1992 (see references in Introduction).

CzH502N02 + M- C2H502 + N02 + M

AH°=67.7kJ-mol™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Reliability
Alog ky==+0.5 at 300 K.
ko=1.4%10"1 [N,]s7! at 298 K. A(E/R)= %1000 K.

ko=4.8X107* exp(—9285/T) [N,] s~ over the tempera-

ture range 250300 K. Comments on Preferred Values

The dissociation data are consistent with experimental re-
combination data (see this evaluation) and the theoretical
analysis from Ref. 1. Falloff curves are constructed with F,
=0.31 (vver the range 250-300 K).

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Comments on Preferred Values
_ -1 See comment on ky. The preferred values of &, and k., are
ko=5.4 5" at 298 K. identical to those in our previous evaluation, IUPAC, 19922

k.=8.8X 10" exp(—10440/T) s~! over the temperature
range 250-300 K.

References
Reliability
Alog kx==0.5 at 300 K. IM. Destrian and J. Troe, Int. J. Chem. Kinet. 22, 915 (1990).
A(E/R)==%=1000 K. 2IUPAC, Supplement IV, 1992 (see references in Introduction).

CH3C03 + N02 + M g CH3CO3N02 + M

AH°=-119 kJ-mol™!
Low-pressure rate coefficients

No new data have been published since our last evaluation.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values Comments on Preferred Values

The extensive. and internally consistent study of
CH;CO;NO, (PAN) formation and dissociation in Ref. 1 is
prcferred. Fallbffiextrapolations were performed with a mod-
eled value of F.=0.3.

High-pressure rate coefficients
No new data have been published since our last evaluation.

Preferred Values : .Comments on Preferred Values
See comments on k,. The preferred values of &, and 4, are
identical to those in our previous evaluation, [UPAC, 1992.2

1.2X 10711 (7/300)7%° cm® molecule™' s™! over the
{emperature' range 250-300 K.

References
. 11, Bridier, F. Caralp, H. Loirat, R. Lesclaux, B. Veyret, K. H. Becker, A.
T e . . 5 p, H. PR s yret, s
1&?}2.}(% - 0.2 at 298 K. Reimer, and F. Zabel, J. Phys. Chem. 95, 3594 (1991).
’?Ft I ) 2TUPAC, Supplement IV, 1992 (see references in Introduction):

CH3C°3N02 + M- CH3C03 + N02 + M

=119 kJ-mol ™!

Low-pressure rate coefficients

No new data have heen published since our last evalnation.

Preferred Values ’ Comments on Preferred Values

o 1.1x10-2 IN,] o1 at 298 K. The d.ata bdbC' of Refl - is large enough w allow for a
; -3 -1 falloff extrapolation to kg, in part because failoff curves for
< hy4,9% 1077 exp(—12100/T) [N,] s~ over the tempera- PAN dissociati d o .
ure range 300—330 K. issociation and recombination were measured inde-
: : pendently. Falloff extrapolations were made with a modeled
#eliability value of F;=0.3. These preferred values are identical to
“Mogky=204 at 298 K. those in our previous evaluation, IUPAC, 1992.2

~ A(E/R)=*1000 K.

" High-pressure rate coefficients

Rate coefficient data

K Temp./K Reference Comments
.u'imc Rate Coefficients _
< 10"7 exp[—(14340x250)/7] 302-323 Roberts and Bertman, 1992° (2)
107 ‘ ‘ 298 Rouwelis and Glavas, 1992¢ (b)
1.6 10" expl —(1353921060)/T] 288-298 Grosjean, Grosjean, and Williams, 1992° (c)
#eviews and Evaluations
4.0%.10'® exp(—13600/T) 298-330 IUPAC, 1992° @

J. Phys. Chem. Ref. Data, Vof. 26, No. 3, 1997
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(a)

(b)

©
(d)

ATKINSON ET AL.

Comments

Thermal decomposition of PAN at 760 Torr total pres-
sure. PAN concentrations were measured by packed
column GC with electron capture detection.

Thermal decomposition of PAN in N, as well in the
presence of O,, NO,, and NO at 1 atm total pressure.
The products methyl nitrate and NO, in pure
PAN-N, mixtures were measured by GC. In the pres-
ence of large amounts of O,, no methyl nitrate was
formed at 333 K, indicating that the decomposition of
PAN to methyl nitrate and CO, does not occur. The
data obtained were simulated with 23 reactions.
Thermal decomposition of PAN in 1 atm of air. PAN
was measured by GC with electron capture detection.
BRased on the rate data of Refs. 1 and 6 at 1 atm total

pressure.

Preferred Values

k,=3.8X107% 571 at 298 K.

koo

=5.4X10' exp(—13830/T) s™! over the temperature

range 300-330 K.

Reliability
Alog k==0.3 at 298 K.
A(E/R)=*300 K.

Comments on Preferred Values ,

The recently reported values from Refs. 3-5 are in very:
good agreement at 298 K but are a factor of two smaller than:
our previous recommendation.? The preferred values attempt’
to reconcile all measurements. The direct PAN decomposi-
tions to methyl nitrate and CO,*’ or to CH;CO, and NO,’

are very slow compared to the decomposition to CH3CO3f
+ NO,.

References

L1 Rridier, F. Caralp, H. Loirat, R. Leéclaﬁx, B. Veyret, K. H. Becker, A;
Reimer, and F. Zabel, J. Phys. Chem. 95, 3594 (1991).

2JUPAC, Supplement IV;.1992 (see references in Introduction).

3J. M. Roberts and S. B. Bertman, Int. J: Chem. Kinet. 24, 297 (1992).

4N. Roumelis and S. Glavas. Monatsch. Chem. 123. 63 (1992).

>D..Grosjean, E. Grosjean, and E. L. Williams II, Air & Waste 44, 391
(1994). ' ) i

SE. C. Tuazon, W. P. L. Carter, and R.. Atkinson, J. Phys. Chem. 95, 2434
(1991). .

?J. 1. Orlando, G. S. Tyndall, and J. G. Calvert, Atmos. Environ. 26A, 3111
(1992). : i

C2H5CO3N02 + M - C2H5CO3 + N02 + M

High-pressure rate coefficients

Rate coefficient data

kots™!

Temp./K Reference Comments
Absolute Rate Coefficients .
2% 10" exp(—12800/7) 298-315 Mineshos and Glavas, 1991' (a)
Comments Reliability

(a)

Thermal decomposition of peroxypropionyl nitrate
(PPN) in a 4.5 liter glass flask in the presence of 1 atm
Nj. PPN and the products, ethyl niuate, NO,, and me-
thyl nitrate, were analyzed by GC at 323 K. In the

presence of NO, ethyl nitrate was the major product
ohserved.!

Preferred Values

ke=4.4Xx10"% 57! at 298 K.
k.=2X%10"> exp(—12800/7) s~! over the temperature

range 300-315 K.
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Alog k,=*0.4 at 298 K.
A(E/R)=*x500 K.

Comments on Preferred Values
The values from the only reported study of this reaction by
Mineshos and Glavas' are recommended here.

References

!G. Mineshos and S. Glavas, React. Kinet. Catal. Lett. 45, 305 (1991).
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CH;0, + NO; — products
Rate coefficient data
niolecule™! 5™  Temp/K Reference Comments
298 Crowley et al., 1990} (a)

Commients

Molecular -modulation study involving the 253.7 nm
photolysis- of HNO3-CH,-0, mixtures in a flow sys-
tem. The rate coefficient k was derived from a com-
puter- fit ‘of the NO; radical “absorption profiles (at

+623 nm) based on a mechanism of 33 reactions.

Preferred Values

“No.recommendation.

ijﬁ*zsmments on Preferred Values
The only reported study of this reaction by Crowley ef al.!
“savolves a.complex system of chemical reactions and conse-

'}gf;imnly leads to a very indirect determination of the rate

coefficient. Until more work is carried out on this reaction,
we make no recommendation.

A further study by Crowley et al.,’ using HNO; as a
source of NOj radicals, has shown that an additional ‘‘dark’’
source of NO; radicals arises from the thermal decomposi-
tion of N,Os, present in the initial HNO;. Taking this into
account’ may reduce the rate coefficient reported above' by
as much as a factor of 3.

References

1N Crowley, J. P. Burrows, G. K. Moortgat, G. Poulet, and G. Le Bras,
Int. J. Chem. Kinet. 22, 673 (1990). ,

2J. N. Crowley, . P. Burrows, G. K."Moortgat, G. Poulet, and G. Le Bras,
Int. J. Chem. Kinet. 25, 795 (1993).

CH40, + CH30, — CHzOH + HCHO + 0, (1)
— 2CH,0 + O, @
— CH,00CH; + 0, 3)

AN ()==331.0KJ-mol !
HwH(2)=14.4%T-mol ™!
AH*(3)=—146.5 kJ-mol ™!

Rate coefficient data (k=k,+ k,+ k)

#em’. molecule™! 57! Temp./K Reference Comments
'Alﬁ,&nhte Rate Coefficients
01071 exp(416/T) 248-700 Lightfoot ez al., 1991 (a,b)
"}_*?nvigws and. Evaluat!:qns
4% 10712 exp(365/T) 200-400 TUPAC, 19922 . (©
9210”1 exp(390/T) 250-600 Wallington, Dagaut, and Kurylo, 1992 (d)
91107 exp(416/T) 248-650 Lightfoot er al., 1992* (e)
25510713 oxp(190/T) 200-300 NASA, 1994° )

{a)

i)

Comments

k is defined by —d[CH;0,}/d r=2k[CH;0,* and was
derived from the measured overall second-order decay
of CH;0, radicals (k,,,) by correcting for secondary
removal of CH;0, radicals.

Flash  photolysis-UV ~ absorption  study  of
Cl,-CH;OH-CH,-O,-N, mixtures at 760 Torr over the
temperature range 600-719 K. The temperature-
dependent value of % listed above was derived by the

()
(@

authors from a re-analysis of all of their data, including
previous studies, from flash photolysis experiments.
See Comments on Preferred Values.

kon=2.5X 10713 exp(180/T) cm® molecule™! s~! was
derived from a least-squares analysis of the data of
Anastasi er al.,’ Sander and Watson,” Kurylo and
Wallington,® Lightfoot et al.,” and Jenkin and Cox.!°
The value of & cited in the table was then calculated
using ky/k={1.24—(280/T)}.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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(e) Based on the same approach as for Comment (c), with
E/R being taken from the data of Lightfoot ez al.!

(f)  kyog was based on the data of Cox and Tyndall,
Sander and Watson,” McAdam et al.,'? Kurylo and
Wallington,® Jenkin er al.,'® Lightfoot e al.,’ and Si-
mon et al.'* E/R was derived from the data of Sander
and Watson,” Kurylo and Wallington,®  Lightfoot
et al..® and Jenkin and Cox.°

Preferred Values

k=3.7x10"" cm® molecule™! s~ ! at 298 K.

k=1.1%10""* exp(365/T) cm® molecule™" s™! over the
temperature range 200-400 K.

k,=1.1x10"" cm® molecule™! s™! at 298 K.

ky=5.9%X10"" exp(—509/7) cm® molecule™! s™! over
the temperature range 220-330 K.

Reliability
Alog k==0.12 at 298 K.
A(E/R)=+200 K.
Alog k,==0.15 at 298 K.
A(E,/R)==*300 K.

Comments on Preferred Values

There have been no new data at or around room tempera-
ture and our previous recommendation,? which is in substan-
tial agreement with other subsequent recommendations,’™
still stands. Here we repeat the comments of our last evalu-
ation.

The most recent room temperature measurements
kqps/o are in excellent agreement with our previously recom-
mended value of k., /o (250 nm)=1.24X10° cm s™!, which
is unaltered. In addition, the measurements of the absorption
cross-section by Simon ef al.'* are also in agreement with
our previous recommendation of o(250 nm)=3.9X10 ®
cm? molecule™! which is also unaltered. Thus, our earlier
recommendation of kg, =4.8X 107" cm® molecule™ s™! at
208 K3 is confirmed.

Taking the revised branching ratio of k,/k = 0.30 at 298 K
(see below) yields the slightly revised value of k at 298 K
listed above.

The temperature dependence of k reported by Lightfoot
et al’ is in excellent agreement with the previous studies of
Sander and Watson’ and Kurylo and Wallington.® Here we
have recommended the E/R value of Lightfoot er al.® on the
basis of their more extensive temperature range. The recom-
mended Arrhenius equation follows from the recommended
values of kygg and L/R.

9,10.14 of
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The two studies™® of the temperature dependence ol

branching ratio involve different temperature ranges. i
we have selected the results of Horie ez al.'® over the ni
atmospherically relevant temperature range of 200-330 k
calculating the recommended value of k,. This is dern
from the temperature-dependent value of k,/k (see below
and our recommended Arrhenius equation for k.

It should be noted that, from an analysis of their ov
data'® together with the results of Lightfoot et al.,” Anast:
etal.’ Kan eral,'” Parkes,® Niki eral,' and Wen.
et al.,”® the equation ky/k=1/1+[exp(1330/7)]/33} was ol
tained by Horie et al.'® for the more extensive temperali
range 223-573 K. This equation shows slight non-Arrheni:
behavior.

Lightfoot er al.® observed no pressure dependence of th
branching ratio, k,/k, over the range 210-760 Torr.
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CH,0; + CHsCO; — CH;0 + CH,CO, +0, (1)
— CH;CO,H + HCHO + 0, (2)

<~28kJ-mol "’
yix-379 kJ-mol ™!
Rate coefficient data (k= + k)
molecule™ 57! Temp./K Reference Comments
éie:in’ng Ratios
16,15 107 exp(2990/T) 2632333 Horie and Moortgat, 1992 (a)
vs-and Evaluations
5%10712 298 IUPAC, 19922 (b)
Ax10712 298
&X 1072 exp(—1800/T) 298-368 Wallington, Dagaut, and Kurylo, 1992° (b)
AX 107" exp(2100/7) 298-368
#0712 exp(272/T) 253-368 Lightfoot er al., 1992* (c)
44X 10° exp(—3910/T) - 253-368
<71 200--300. NASA, 1994° (b)
Comments Reliability

sy "FTIR-  spectroscopic - - study of = irradiated

“CH;COCOCH; in the presence of Ar-O, mixtures at
total pressures of 730—770 Torr. The reaction products
CO,, 'CO, HCHO, HCOOH, CH;CO,H; CH;CO;H,
CH;0H, H,0,, and Oj5 were analyzed ‘by matrix-
“jsolation ~ FTIR" - spectroscopy combined with a
molecunlar-beam sampling technique. The branching ra-
'Liov, kilk,=2.2X10® exp(—3870/T), was derived from
the yields of HCHO, CH;CO,H, HCO,H, CH;0H, and
03 '

i) Based on the data of Moortgat et al.’

0

Re-analysis of the data of Moortgat et al.®

Preferred Values

k=13X10"1! cm® molecule™! s™! at 298 K.

k=5.1X 10712 exp(272/T) cm® molecule™! s™! over the
temperature range 250-370 K.

ka/k=0.14 at 298 K.

kylk=6.1X10"% exp(2990/T) over the temperature range

260~350 K.

Alog k—+0.3at 298 K.
A(E/R)==300 K.
A(ky/k)==£0.1 at 298 K.
A [(E;—E)/IR}==500 K.

Comments on Preferred Values '

We have amended our previous recommendation of k
slightly, to take account of the re-analysis by Lightfoot
et al.* of the data of Moortgat et al.6 The recent study of the
products of this reaction by Horie and Moortgat,' leading to
the temperature dependence of the branching ratio listed
above, is much more direct than the earlier study of Moortgat
et al..® and is recommended.
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CH;0, + CH,COCH,0, — CH;0H + CH;COCHO + 0, (1)
— HCHO + CH;COCH,OH + 0, (2)
— CH30 + CH3COCH20 + 02 (3)

Rate coefficient data (k=k,+ K+ k3)

k/em® molecuie™! s~} Temp./K Reference Commi:
Absolute Rate Coefficients

(3.8£0.4)x 10712 298 Bridier er al., 1993! (a0
Branching Ratios

ky/k=(0.5+0.1) 298 Jenkin ez al., 1992° (b

kylk=(0.2x0.1) 298

kalk=(0.3%0.1) 298 Bridier et al., 1993' (c)

Comments kylk=0.2 at 298 K.

(a) Flash photolysis of Cl, in the presence of
CH;COCH;-CH4-N, mixtures at a total pressure of
760 Torr. The overall rate coefficient k was derived

from a kinetic analysis of absorption-time profiles mea-
sured at 230 and 260 nm.

(b) Steady-state photolysis of Cl, in the presence of
CH;COCH;3-N, mixtures at a total pressure of 700
Torr. Branching ratios were deduced from measure-
ments of HCHO and CH;COCHO products by long-
path FTIR spectroscopy and long-path UV-VIS diode
array spectroscopy.

(c) Derived from a kinetic analysis of the time-profiles ob-
tained in the experiments described in Comment (a).

Preferred Values

k=3.8x10"12 cm® motecule™? s~! at 298 K.
ki/k=0.5 at 298 K.

k3/k=0.3 at 298 K.

Reliability
Alog k==0.3 at 298 K.
A(ky tk)— Ak /k) — A(kz /k)— 1 0.15 at 298 K.

Comments on Preferred Values

The preferred values of the rate coefficient and branchiny
ratios are based on the measurements of Bridier ef al.! and
Jenkin ez al.,” and require independent confirmation to rv
duce the assigned error limits.

References

'1. Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara
day Trans. 89, 2993 (1993).

M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc
Faraday Trans. 89, 2983 (1993).

HOCH,0, + HOCH,0, — HCOOH + CH,(OH), + 0, (1)
— 2HOCH,0 + O, @)

No new data have been published since our last evaluation.

Preferred Values

k;=7.0%10"13 cm® molecule™! s at 298 K.

k;=5.7x10"" exp(750/T) cm® molecule™! s™! over the
temperature range 275-325 K.

k,=5.5x10""? cm® molecule™! s™! at 298 K.

Reliability
Alog ky==*0.3 at 298 K.
A(E,/R)==*750 K.
Alog k,==*0.3 at 298 K.
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Comments on Preferred Values

The parallel studies of Veyret er al.' and Burrows et al’
confirm that the interaction of HOCHO, radicals involves
two channels. The two reports'? of the rate coefficient k; at
room temperature are in good agreement, and indicate that
this channel is a factor of ~3—4 faster than the analogous
interaction of CH; 0, radicals. The rate coefficient &, is even
higher than k;, with a value ~ 50 times that of the analogous
reaction of CH;0, radicals. The preferred values are identi-
cal to our previous evaluation, IUPAC, 1992.3 Confirmation
of the temperature coefficient of &, is needed, as well as a
determination of the temperature coefficient of k,.
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- References

Jeyret, R. Lesclaux, M-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K.
wpit, J. Phys. Chem. 93, 2368 {1989).
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C,Hs0, + C,Hs0, — C,H;OH + CH;CHO + O, (1)
— 2C,H0 + 0, 7))
b d CszOOCsz + 02 (3)

f)2~343.2 kJ mol ™!
2%23.0kJ mol ™!

Rate coefficient data (k=k;+k;+k3)

' miglecule ! 57! Temp./K

Reference Comments
slute Rate Coefficients
1071 expl(60+40)/7] 248-460 Fenter ez al., 1993! {a,b)
£0.5)x 107 298 '
iswx -und’Evaluations
10~ exp(—110/T) 250-450 IUPAC, 10922 (a,c)
J0™1% exp(—125/T) 260-380 Wallington, Dagaut, and Kurylo, 1992° | (a.d)
107°% exp(—100/T) 228-457 Lightfoot ez al., 1992* ) (ae)
HEw 107 200-300 NASA, 1994° @

Comments

{8 -k is defined by —d[C,HsO,)/dt=2k[C,Hs0,}* and is
‘derived from the observed overall second-order decay

_of C,Hs0, radicals.

Jib) Flash photolysis-UV absorption study of Cl,-C,Hg-O,-

© N, mixtures at 760 Torr total pressure. Rate coeffi-

cients were derived from simultaneous computer analy-
ses of several decay curves cullected at diffetent wave-
“lengths. The value of kg, =(1.40+0.11)x107 1
Xexp[(—20+40)/T} cm® molecule™ s™! was
corrected* at each temperature by dividing by (1+a),

_ ‘where a=p/(1+) and B=10.2 exp(—533/T).

i) kyog was calculated from the mean ky, value from the

 studies of Adachi eral,® Anastasi eral., Cattell
et _al.,8 Wallington et al.,g and Bauer et al.,10 and cor-
rected for secondary removal of C,HsO, radicals by
the use of k,/k=0.62. E/R was from the study of Wall-
ington et al®

(i) kg - was calculated from kg =2.1x10"1

Xexp(—250/T) cm® molecule™! s~!, derived from
least-squares analysis of the data of Anastasi et al.'!
and Wallington et al.® and corrected for secondary re-
moval of C,HsO, radicals hy the use. of k,/
k={1.33—(209/T)}. .

{&t) -kogg was calculated from the mean value of k., from
.the -data of Adachi et al..® Anastasi et al,’ Caitell
etal® Wallington et al.,” and Bauer et al.,'° and was
corrected for secondary removal of C,Hs0, radicals by

the use of k,/k =0.63. E/R was the average from the

data of Anastasi et al. Cattell et al..® Wallington
et al.,9 and Bauer et al.'°

{f)  kygg was calculated from the mean kg, value from the
studies of Cattell er al.,® Wallington et al,’ Bauer
et al.,'® and Fenter ez al.,! and corrected for secondary
removal of C,Hs0, radicals by the use of k,/k = 0.6.
E/R was from the studies of Anastasi et al.,”!! Cattell
et al.is Wallington et al.,9 Bauer et al.,10 and Tenter
etal.

Preferred Values

k=6.4%10""* cm® molecule™! 57!, independent of tem-
perature over the range 250—-450 K.
ky/k=0.62 at 298 K.

Reliability
Alog k==0.12 at 298 K.
AEIR)=13R K.
A(ky/k)==%0.1 at 298 K.

Comments on Preferred Values

The rate coefficients reported by Fenter ef al.’ are in good
agreement with previous data for (his reaction.” The tempera-
ture coefficient reported in the same study' (E/R=-—60 K)
agrees with the data of Cattell ef al.® (E/R=0 K) but less
well with those of Anastasi e al.” (E/R=470 K), Wallington
et al.” (E/R=110 K), or Bauer e al.'’ (E/R=-230 K). In
view of the small temperature coefficients reported in most

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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of these studies, together with the relatively large associated
error limits, we have selected a temperature-independent rate
coefficient k based on ksgg. Thus, from the data of Adachi
et al.,’ Anastasi et al Cattell et al..B Wallington et al.? and
Fenter et al.,' the average value of kyp,=1.03X10"" cm®
molecule™" s™! at 298 K. Taking k,/k=0.62 at 298 K (the
mean of the data of Niki et al.,'* Anastasi ef al.,’ and Wall-
ington er al.') yields the recommended value of kygs=6.4
X107 cm® molecule™! s7 L.

The temperature dependence of the branching ratio re-
ported by Anastasi ef al.” still requires confirmation.
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CH3;OCH,0, + CH;0CH,0, — CH;O0CH,OH + CH;OCHO + 0, (1)

Rate coefficient data (k=k;+ k)

kem® molecule™' 57! Temp./K Reference Commen!
Absolute Rate Coefficients

(2.7£0.4)x 10712 300 Dagaut, Wallington, and Kurylo, 1989' (a,b)

(2.1£0.3)x 10712 298 Jenkin et al., 19937 ' (c)
Branching Ratios

katk=(0.67=0.11) 295 Jenkin et al., 19932 (d)

kalk=(0.67=0.13) 298 Jenkin et al., 19932 (e)
Reviews nmj Evaluations

2.7x10712 208 Lightfoot er al., 1992° ®

Comments SF¢-CH3;0CH;-0O, mixtures. ky,s was found to be de

(@) k is defined by —d[CH,0CH,0,/dt pendent on the total pressure (17-760 Torr) and on the

=2k[CH;0CH,0,]* and has been derived from the

measured overall second-order decay of CH;0CH,0,
radicals (kgp,).

(b) Flash photolysis of Cl,-CH;0CH;-0,-N, mixtures at

total pressures of 25-800 'lorr from 228 to 380 K.

CH;0CH,;0, radicals were monitored by UV absorp-
tion with 0549=(3.65%0.35)x 107 ® cm? molecule™".

kops showed a strong pressure dependence and when
treated by the Troe theory as a simple association re-
action in the fall-off region, with a fixed F,=0.6, the
following expressions were derived for the low and
high-pressure limiting rate coefficients: ky=(2.5+0.4)
X107 (77300 K)~0=99) cm® molecule™ s™! and
kr=(2.7£0.2)x 10712 (7/300)" =09 cm® mole-
cule™ s,

(¢) Molecular modulation study of Cl,-CH;0CH;-0,-N,
mixtures together with a pulse radiolysis study of

J. Phys. Chem. Ref. Data, Voi. 26, No. 3, 1997

composition of the reaction mixture. On the basis of «
mechanism involving the generation of H atoms via the
reaction CH;OCH,O + M — CH;0CHO + H + M, it
was possible to derive the above pressure-independent
value of k.

(d) FTIR spectroscopic study of the steady-state photolysis
of Cl, in the presence of CH3;0CH;-0,-N, mixtures
over the total pressure range 10 700 Torr. The branch
ing ratio was determined from the yields of
CH;0CHO and CH,OCH,O0H. Minor amounts of
CH,0OCH,0OH were also observed.

{(e) Similar study to that described in Comment (c). The
branching ratio and k were derived from a kinetic
analysis of the effects of [O,] and [Cl,] on kg, based
on a mechanism including the production of H atoms
from the reaction CH;OCH,O0 + M — CH;0CHO
+ H+ M.
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/ Jiused-on the data of Dagaut et al.!

Preferred Values

2,1%10712 cm® molecule ™! s at 298 X.-

(.67 at 298 K.

(=20.3 at 298 K.
ks /k)=+0.1 at 298 K.

itqits on Preferred Values _

i apparent effect of total pressure on k, the first reported
type of reaction, ! has been shown to be an artifact by
ore recent experiments of Jenkin et al.? This compre-
‘¢ study” has shown that the pressure effect was due to
dary chemistry involving H atoms which arise from the
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reaction CH;OCH;0 + M — CH;0CHO + H + M. A
kinetic analysis of the molecular modulation system, allow-
ing-for secondary chemistry, yielded the preferred rate coef-
ficient. At the same time the derived value of the branching

‘tatio,? ky/k, is in excellent agreement with that obtained from

a steady-state. photolysis_system with FTIR spectroscopic
analyses.”

References

'P. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Photochem. Photobiol.
48, 187 (1989).

2M. E. Jenkin, G. D. Hayrnan, T.J. Wallmgton, M. D. Hurley, J. C. Ball,
O. J. Nielsen, and T. Ellermann, J. Phys. Chem. 97, 11712 (1993).

3P. D. Lightfoot; R. A. Cox; J. N. Crowley, M. Destriau, G. D. Hayman, M.
E. Jenkin, G. K. Moortgat, and F. Zabel Atmos. Environ. 26A, 1805

(1992). .

CH3003 + CHaCO3 b d 2CH3002 + 02 )

B =T1kT-mol !

-No new data have been published since our last evaluation.

Preferred Values
I —

% 1 6x107 1 .cm? molecule” s™! at 298 K
2.8X10712 exp(530/T) cm® molecule™! s~ over the

‘fempérature range 250-370 K.

Hediatbility
Alog k=+0.5 at 298 K.
ACE/IR)=%+500 K.

sinments on Preferred Values

“The agreement among the three measurements!™ of this
‘e coefficient at room temperature is rather poor. I'he most
wepent study of Moortgat et al®
=i recommendation, on the grounds that it is based upon a

is selected as the basis for -

more complete knowledge of the complicated chemistry in-
volved than was available for the earlier studies.'? At the
same time, until more experimental data are available we
have assigned considerable error limits; particularly with re-
gard to the temperature coefficient. The preferred values are
identical to our previous evaluation, TUPAC, 1992.* '
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M. C.A Addison, J. P. Burrows, R. A. Cox, and R. Patrick, Chem. Phys.

Lett. 73, 283 (1980).
2N. Basco and S. S. Parmar, Int. J. Chom. Kinct. 17, 891 (1985).

3G. K. Moortgat, B. Veyret, and R. Lesclaux, J. Phys. Chem. 93, 2362

(1989).
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CH,CO; + CH;COCH,0, — CH;COOH + CH;COCHO + 0, (1)
— CHs + CO, + CHsCOCH,0 + 0, (2)

Rate coefficient data (k=i +i;)

1

s
=4

klem® molecule™! 57} Temp./K Reference Commmiﬁ'};
Absolute Rate Coefficients .
(5.0£2.0)x10712 298 Bridier et al., 1993! ()
k=<4x10712 298
Branching Ratios
ky/k=(0.5+0.2) 298 Jenkin ez al., 1993° (b}
Comments ky/k=0.5 at 298 K.
(a) Flash ~photolysis of Cl, in' the presence of

(b)

k=

CH;COCH;-CH;CHO-N, mixtures at a total pressure
of 760 Torr. The rate coefficient & was derived from a
kinetic analysis of absorption-time profiles measured at
210, 220, 230, and 245 nm, using the value of
ky/k=0.5 determined by Jenkin e al.?

Steady-state photolysis of Cl, in the presence of
CH;COCH;-N, mixtures at a total pressure of 700
Torr. The branching ratio was deduced from measure-
ments of HCHO and CH;COCHO products by long-
path FTIR spectroscopy and long-path UV-VIS diode
array spectroscopy.

Preferred Values

5.0 1012 cm® molecule~! s! at 298 K.

ky<4x10"'2 cm® molecule™! 57! at 298 K.

Reliability
Alog k=*0.3 at 298 K.
A(ky/k)=*0.2 at 298 K.

Comments on Preferred Values

The preferred values of the rate coefficient and the branch
ing ratio are from.the studies of Bridier ef al.! and Jenki
et al.,? and require independent confirmation.

References

11, Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Far:
day Trans. 89, 2993 (1993).

2M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. So«
Faraday Trans. 89, 2983 (1993).

HOCH,CH,0, + HOCH,CH,0, — HOCH,CH;OH + HOCH,CHO+ 0, (1)
—» 2HOCH,CH,0 + O, @)

Rate coefficient data (k=k;+k,)

=1 -1

kicm® molecule™’ s Temp./K Reference Conuunen
Branching Ratios

kplk=0.5=0.1 298 Barnes, Becker, and Ruppert, 1993! (@
Reviews and Evaluations

23x10712 298 IUPAC, 19922 (bc)

kp/k=0.36 298

(a)

v Comments

Steady-state photolysis at 254 nm of HOCH,CH,I-
N,-0, or H,0,-C,H4-N,-O, mixtures at pressures of
150-900 mbar with FTIR spectroscopic detection of
the products HCHO, HOCH,CHO, and

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

(b)

HOCH,CH,OH. Values of k,/k =0.49£0.05 and 0.5
*+0.04 were derived from the two different reactar

systems, independent of total pressure <
O, partial pressure.
k is  defined by —d[HOCH,CH,0,)/d

=2k[HOCH,CH,0,]* and has been derived from the
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measured overall second-order decay of HOCH,CH,0, = Comments on Preferred Values

radicals (kgps) by correcting for secondary removal of The preferred value of kygg is identical to our previous

1HOCH,CH;0,. evaluation, IUPAC, 1992.% The recent measurements of the

i.,x was based on the data of Jenkin and Cox,> Anas- branching ratio, k,/k, by Barnes et al.! are based on direct

tusi ef al.,* and Murrells et al.,’ and ky/k was from the measurements of the products of the reaction channels and

dita of Murrells et al’ are also independent of the source of the radicals. For these
reasons their branching ratio’ is preferred to the earlier, less
direct determination of Murrells et al.’

Preferred Values References

i 3% 10712 em® molecule™! s~! at 298 K. ’i.wf;;r)nes, K. H. Becker, and L. Ruppert, Chem. Phys. Lett. 203, 295
« 4 0.5 at 298 K. 2IUPAC, Supplement IV, 1992 (see references in Introduction).

3M. E. Jenkin and R. A. Cox, J. Phys. Chem. 95, 3229 (1991).

4C. Anastasi, D. J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chem.
95, 5791 (1991).

k== %0.3 at 298 K. ST. P. Murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem.

aehoik)y=20.1 at 298 K. Soc. Faraday Trans. 87, 2351 (1991).

biliry

I

n'C3H702 + n'C3H702 — n'03H70H + CzH5CHO + 02 (1)
— 2n-C;H,0 + O, (2)

No new data have been published since our last evaluation.

Preferred Values (k= k4 + k3) coefficient for the self-reaction of the i-C3;H,0, radical is

considerably lower (kyg=1.0X10715 ¢cm® molecule™! s7!)

and that reported® for the +-C,H,0, radical is even lower still

(kpo=2.3X107"7 cm® molecule™! s7!). This trend is in

keeping with that observed in the liquid phase for the RO,

Mop k=20.5 at 298 K. radical interactions,” ie. k(primary RO,)>k(secondary
RO,)>k(tertiary RO,).

1 10713 cm® molecule™ s™! at 298 K.

£ lability

wiments on Preferred Values
1he recommended rate coefficient is the rounded-off value

woun the study of Adachi and Basco,! and is identical to our References

~vious evaluation, [IUPAC, 1992.2 The room temperature

st voeflicient requires substantiation along with a determi- 'H. Adachi and N. Basco, Int. J. Chem. Kinet. 14, 1125 (1982).
«stinn of the temperature coefficient. 2IUPAC Supplement IV, 1992 (see references in Introduction).

e recommended value of k fe i T : ®C. Anasiasi, 1. W. M. Smith, and D. A. Parks, J. Chem. Soc. Faraday
e oree f kyog is in line with the rate Trans. 1, 74, 1693 (1978)

=theients of the analogous reactions of the CH;0, and 3. E. Bennett, D. M. Brown, and B. Mile, Trans. Faraday Soc. 66, 386
11.0), vadicals. On the other hand, the recommended rate (1970).

i-C3H70, + i-CqH;0, — i-CaH,0H + (CH,),CO + 0, (1)
— 2i-C;H;0 + O, @)

24 11) = ~351.9 kF-mol ™!
20 12) -33.2k)-mol ™!

No new data have been published since our last evaluation.
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Preferred Values (k= ky+ k3)

k=1.0Xx10"" cm® molecule ™! s™! at 298 K.
k=1.6X10"12 exp(—2200/T) cm® molecule ! s~! over
the temperature range 300-400 K.

ki/k=0.44 at 298 K.

k/k=3.7Xx10"2 exp(740/T) over the temperature range
300-400 K.

ky/k=0.56 at 298 K.

k,/k=2.0 exp(—380/T) over the temperature range 300—
400 K.

Reliability
Alog k=*+0.3 at 298 K.
A(E/R)= =300 K.
Ak, /k)y=A(ky/k)=*+0.15 at 298 K.

Comments on Preferred Values

The recommended rate coefficient (k) at 298 K is the av-
erage of the rate coefficients from the data of Kirsch ez al.'*?
and Adachi and Basco,® which are in reasonable agreement.
We have not taken into account the rate coefficient reported
by Munk er al.,* for which experimental details are lacking.
The recommended temperature dependence of & is based on

the results of Kirsch ef al.,' which have been rounded .
and adjusted to the recommended value of &y .

The measurements of the branching ratio and its tempoi.
ture dependence appear to be reliable and have bo:
adopted here, but require further confirmation. The prefei.
values are identical to our previous evaluation, TUPA(
1992.°

The value of k&, is considerably lower than that for 1)
analogous reaction of the n-C3H;O, radical, which is
keeping with the trend observed in studies of the interactio
of alkylperoxy radicals in solution,’ i.e., k(primary RO
>k(secondary RO,) >k(tertiary RO,).
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Soc. Faraday. Trans. 1, 74, 2293 (1978).
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Soc. Faraday Trans. 1, 75, 2678 (1979).
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*J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chem. Phys. Lot
132, 417 (1986).
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Trans. 1, 78, 2535 (1982).
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(1970).

CH,COCH,0, + CH,COCH,0, — CH;COCH,0H + CH,COCHO+ 0, (1)
— 2CHZCOCH,0 + O, @)

Rate coefficient data (k=k;+k»)

kem® molecule™! 7! Temp./K Reference Comments
Absolute Rate Coefficients
{8.0£0.2)x 10712 298 Bridier et al., 1993 (a,b)
Branching Ratios
kotk=(0.75:0.1) 208 Dridicr et al., 1993 (c)
Reviews and Evaluations
<ix107" 298 TUPAC, 1992 (d)
R3x 10712 798 Wallington, Dagani, and Kuryln, 19923 (d)
83x10712 298 Lightfoot ef al., 1992* (d)
Comments the overall reaction obtained from the product study of
. Jenkin ez al.’
(@ k& is defined by ~d[CH3;COCH, 0, J/dt © S - onts as for C  (a). The branchin
amc cxperiments as 1or commen a).
=2k[CH;COCH,0,].2 ©)  ame cxp €

(b) Flash photolysis of Cl, in the presence of
CH;COCH;3-N, mixtures at a total pressure of 760
Torr. The rate coefficient £ was derived from ‘a kinetic
analysis of absorption-time profiles at 230 and 260 nm,
taking account of the information on the mechanism of

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

ratio was obtained on the. basis of absorption due to
radicals formed in reaction (2) and subsequent reac-
tions.

(d) Based on the data of Cox et al.’
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Preferred Values

£.0X 10712 cm® molecule™! s™! at 298 K.
=0.75 at 298 K.

bility
CAlogk=%03 at 298 K.
Alky/k)=%0.1 at 298 K.

wments on: Preferred Values
e above recommendations on the overall rate coefficient
al-the branching ratio at 298 K require independent verifi-
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RCHOO + O3 —» RCHO + 20, (1)
RCHOO + H,0 —»  products ()
RCHOO + CO —  products (3)
RCHOO + HCHO — RCHOOCH,O @
RCHOO + CyHy; —®  products )
RCHOO + NO -—» RCHO + NO, (6)
RCHOO + NO; —» RCHO + NOjs (7)
RCHOO + SO —»  products ®)
(R=H or CHj)

Rate coefficient data

1

k/cm® molecule™! s~ Biradical Temp./K Reference Commen
Relative Rate Coefficients )
kolkg=(6.1%0.3)x 1073 CH;CHOO 295 Calvert ef al., 1978" (a)
kythgikyhsikg=2.5X1073:1.8X 1073 CH,00 296 Su, Calvert, and Shaw, 19807 (b)
25X 10712.5%107%1.0
kyllg=(2.3=1)x107* CH,00 298 Suto, Manzanares, and Lee, 19843 ©
kolkg=(1.4+0.4)x 1072 CH,00 298 Manzanares, Suto, and Lee, 1987* (d)
kylks=(8.3%3.6)xX 10™* CH,00 298 Becker, Bechara, and Brockman, 1993% (e)
katks=(4.122.2)x 107* (CH;),CO0 298 Becker, Bechara, and Brockman, 1993° ®
Reviews and Evaluations
ky=2X10"1% t0 1x 1071 CH,00 298 Herron, Martinez, and Huie, 19826 (2)
k=22 10716 to 8 10713 CH,00 208 (h)
k,=1x10""7 t0 7x 1071 ) CH,00/ 298 @)
CH,;CHOO
kg=3%10"" 10 1.7x107 1 CH,00/ 208 G)
CI1;CHIOO
kykskykghykg=5X107: CH,00/ 298 Atkinson, and Lloyd, 19847 (k)
2% 1073:0.25:10%:10:1 CH;CHOO
ky~4% 10718 CH,00/ 298 )
CH3CHOO
ky~2x 1071 CH,00/ 298 )
CH,;CHOO
kg=7X 1071 CH,00/ 298 (m)
CH3CHOO
ky~T7x 10712 CH,00/ 298 0y
CH;CHOO
kg~7X 1071 CH,00/ 298 o
CH;CHOO
ky=4%1071 CH,00 298 Kerr and Calvert, 1984% (n)
ky=13x10"" CH,00 298 ()
ky=2%x10712 CH,00 298 (n)
kg=7X%107"? CH,00/ 298 (n)
CH,CHOO
k;=1.0x10"1 CH,00/ 298 ()
CH.CHOO
kg=7Xx 107" CH,00 298 (m)
Comments SO, in the presence of O3-O,-cis-2-C4Hg mixtures at

atmospheric pressure. In this system the biradical inter-

(a) Derived from a reanalysis of the data of Cox and mediate involved is believed to be CH, CHOO.

Penkett’ from a study of the aerosol formation from

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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#TIR study of the C,H,-O, reaction in the presence of
(3,-N, mixtures at a total pressure of 700 Torr and with
added CO, HCHO, or SO,. Relative rate coefficients
slerived from a computer simulation of reactant con-
sumption and product formation, based on a mecha-
nism of 20 elementary reactions.

Flow system involving C,H,-05-SO,-H,O mixtures in

‘which H,SO, aerosol concentrations were monitored

by scattered UV light. Relative rate coefficients ob-
tined from the dependencies of the aerosol formation

‘on- the concentrations of O3, SO,, and H,0.
* Similar study to that of comment (c), with the inclusion

of the effect of added NO, on the formation of the
H,50, aerosol.

i~ Study of the C,H,-O5 reaction in the presence of 1 atm
- ol synthetic air with and without added SO,; H,0,

yiclds were measured by tunable diode laser absorption
spectroscopy or by FTIR spectroscopy.

Samec study as for comment (c) with (CHjy),C
=(C(CHj), as the reactant.

Based on the ratio k,/kg=~6X 107>, as derived by Cal-
vert er al.! from the data of Cox and Penkett.” and tak-
ing  3X107B<kg<1.7%107" cm® molecule™!
s~ [see comment (k)].

Based on a study of the ozonide formation in the sys-
tem O3-0,-cis-2-C4Hg-HCHO by Niki ef al.’® and on
thermochemical kinetic estimates of Nangia and
Benson.!! Details were not provided. It has been as-
sumed that the reactivities of the CH,O0 and
CH;CHOO biradicals are identical.

Derived from the ratio k4/k;~ 14, which has been esti-
mated from the data of Martinez et al.! from a study
of the reduction in secondary ozonide formation from
the O3-O,-trans-2-C4Hg reaction in the presence of
NO,. ky was calculated by taking 2X 107 16<k,<8
%1071 cm® molecule™! s™! [see comment (h)]. It has

“heen assumed that the reactivities of the CHZOO and

CH3CHOO biradicals are identical.

Based on the suppression of ozonide formation in the
0;-0,-cis-2-C4Hg-HCHO system by SO, observed by
Niki er al.’® and on thermochemical kinetic estimates
of Nangia and Benson.!! Details were not provided. 1t
has been assumed that the reactivities of the CHZOO
and CH2CHOO biradicals are identical.

The relative rate coefficients are proposed on the basis
that the data on CH,00 (Su ez al.?) and on CH3CHOO
(Cox and Penkettg) can be amalgamated, i.e., CH,00
and CH3CHOO have the same reactivities. From the
studies of Akimoto ez al.'*'* on the 0;-C,H, and
C3Hg system, it was estimated that k¢:k;:kg=10%10:1.
Calculated from the above relative rate coefficients and
assuming that ks=7X 10712 cm® molecule™ s™! [see
comment (m)].

This rate coefficient was assumed to have a value simi-
lar to that for the reaction of alkylperoxy radicals with
NO (RO, + NO — RO + NO,), and hence
ke=7x10"12 cm® molecule™! s7 1.

679

(n) Calculated (i) on the assumption that k;=kg and taking
the estimated value of ks=7X10"'? cm® molecule™

! of Atkinson and Lloyd’ and (ii) from the relative

rate data of Calvert ef al.,! Su et al.,? and Suto et al.’

Preferred Values

No recommendation.

Comments on Preferred Values

This data sheet is largely reproduced from our previous
evaluation, IUPAC, 1992.1 Vibrationally excited Criegie in-
termediates or biradicals, [RCHOO]i are produced from the
reactions of O; with alkenes.!® These species decompose
unimolecularly to give molecular or radical products or un-
dergo collisional deactivation to yield thermally equilibrated
biradicals, RCHOO . Here we consider the kinetic and other
information relating to the bimolecular reactions that have
been proposed for these thermally equilibrated biradicals

Studies have been made of the reactions of RCHOO with
aldehydes,>'%17-2 §03*7102! and H,0,"¥132 but detailed
kinetic data are often lacking. Relative rate coefficients have
been derived by Calvert er al.;! Su er al.? and Suto et al.’
based on experimental measurements of the rates of con-
sumption of molecular reactants relative to consumption of
SO, in systems involving RCHOO biradicals. The only com-
pound, other than SO,, common to any of these studies is
H,0, for which the derived relative rate coefficients differ by
a factor of ~4. Notwithstanding this discrepancy, these rela-
tive rate measurements are the only experimental basis on
which to assess the rates of these reactions. It is apparent
from these measurements that the reactions of the biradicals
CH;CHOO with O,, CO and alkenes are not important under
atmospheric conditions. The reactions with H,O, RCHO,
NO,, and SO, need to be considered, although for most tro-
pospheric conditions the only effective reaction of the biradi-
cals is likely to be that with H,O.

Previous reviewers ® have made the reasonable assump-
tion that the reaction of RCHOO with NO could also be
significant, based on estimates of the energetics of the pro-
posed reaction pathway RCHOO + NO — RCHO + NO,.
Unfortunately, there is no direct experimental evidence fur
this reaction and very little information upon which to base
an estimate of its rate coefficient. Atkinson and Lloyd’ have
estimated the relative rate coefficients for RCHOO reacting
with NO and SOs, corresponding to kg/k;=10%, whereas
Kerr and Calvert® propose kg/k;=1. Experimental data on
this ratio of rate coefficients are badly needed.

In the absence of direct kinetic measurements of the abso-
lute rate coefficients of any of the RCHOO bimolecular re-
actions, both Atkinson and Lloyd7 and Kerr and Calvert®
have suggested that ks should be equated to the rate coeffi-
cient for the structurally analogous reactions, RO, + NO
— RO + NO,, with kg=7x10""? cm® molecule™! s7! at
298 K. While this seems a reasonable proposition, it is de-
sirable to obtain experimental verification. At present it is
difficult to see how any direct measurements could be made

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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with RCHOO systems involving Os-alkene reactions owing
to the complex chemistry involved. In this regard the recent
studies of Hatakeyama et al.*? involving the generation of
CH,00 biradicals from the reaction of CH,(’B;) with O,
are of considerable interest.

In deriving the relative rate coefficients listed above, it has
been necessary to compare data obtained from different
O,-alkene systems and to assume that all the RCHOO biradi-
cals have equal reactivity, e.g., CH,00 and CH;CHOO.
Again, while this seems to be a reasonable assumption, it
requires experimental verification.

There is very little direct experimental evidence on the
products of any of the reactions (1) to (8). Where the prod-
ucts are stated these have largely been suggested on the basis
of analogy with related reactions.

In addition w the expected formation of carboxylic acids
from the reactions of the biradicals with H,O,

RCHOO + H,0 — RCOOH + H,0,

recent studies of the with
trans-2-butene,> > isoprene, and monoterpenes®+**
have reported varying amounts of H,O, product. Since the
yields of H,O, were considerably enhanced by the presence
of H,0, it was proposed that H,O, was formed in a direct
reaction involving Criegie biradicals:

R{R,CO0 + H,0 — (RyR,CO0-H,0)
(R1RQCOO'H20) — R1COR2 + H202

In some of these experiments,” as in previous O5-alkene
studies,”? hydroperoxides were also detected as products.
The hydroperoxides were suggested to arise also from a di-
rect Criegie biradical-H,O interaction:

R;R,COO + H,0 — R,R,C(OH)OOH.

reactions of Oj
23,24
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the International Conference on Environmental Sensing and Assessmen!.
Las Vegas, NV, Vol. 2, pp. 2-44 (1975).

Y. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
Chem. 85, 1024 (1981).

'S, Hatakeyama, H. Kobayashi, Z.-Y. Lin, H. Takagi, and H. Akimoto, |.
Phys. Chem. 90, 4131 (1986).

223. Hatakeyama, H. Bandow, M. Okuda, and H. Akimoto, J. Phys. Chem
85, 2249 (1981).

2R. Simonaitis, K. J. Olszyna, and J. F. Meagher, Geophys. Res. Lett. 18,
(1990).

K. H. Becker, K. J. Brockmann, and J. Bechara, Nature 346, 256 (1990).

2R. I. Martinez, J. T. Herron, and R. E. Huie, J. Am. Chem. Soc. 103, 3807
(1981).

3. Gib, E. Hellpointer, W. V. Turner, and F. Kérte, Nature 316, 535
(1985).

O; + C,H, — products

No new data have been published since our last evaluation.

Preferred Values

k=1x10"2° cm® molecule ! s! at 298 K.

Reliability
Alog k==1.0 at 298 K.

Comments on Preferred Values
The literature data'~® exhibit a large degree of scatter at
room temperature. While the most recent and lowest rate

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

coefficient of Atkinson and Aschmann® may be the most
accurate (any impurities would lead to higher rate constants),
the preferred value and its associated large uncertainty cover
the available 298 K rate coefficients. No recommendation is
made regarding the temperature dependence. The preferred
value is identical to our previous evaluation, IUPAC, 1992.

References

'R. D. Cadie and C. Schadt, J. Phys. Chem. 21, 163 (1953).
>W. B. DeMore, Int. J. Chem. Kinet. 1, 209 (1969).
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1eMore; Int. 3. Chem: Kinet: 3, 161 (1971).
Stedman and H. Niki, Environ. Lett. 4, 303 (1973).
ate, R.: Atkinson, and J. N. Pitts, Jr., J. Environ. Sci. Health A11, 1

SR: Atkinson and S. M. ‘Aschmann, Int. J. Chem: Kinet. 16, 259 (1984).
"IUPAC, Supplement IV, 1992 (see references in Introduction).

03 + C2H4 —_ products

Rate coefficient data

molncule S Temp./K Reference Comments
= Kate Coefficients .
07 Pexp[—(2446 =91)/T] 240-324 Treacy et al., 1992! (a)
0.08)x 107" 298
nd.Evaluations )
4 exp(—2630/T) 180-360 IUPAC, 19922 (b)
m"f exp(—2580/T) 178-362 Atkinson, 19943 ()
14 exp(~=2630/T) 180-360 NASA, 1994* (b)

Comments

" Sttic system, with chemiluminescence detection of Os.
‘Based on the rate coefficient data of DeMore,” Sted-
‘man et al..’ Herron and Huie,” Japar et al.,*® Toby
ef'al.,'% Su et al.,'’ Adeniji et al.,'* Kan et al.,"* Atkin-
son et'al ' and Bahta et al.’®

Based on a least-squares analysis of the rate coeffi-
cients of DeMore,5 Stedman et al. ,6 Herron and Huie,7
Japar et al.,* Toby et al,'® Atkinson er al.,'* Bahta
‘etal.,’® and the 298 K rate coefficient of Treacy et al.!

Preferred Values

<1.6X 10" 18 cm® molecule™! s! at 298 K.
*9.1X107" exp(—2580/T) cm’ molecule™’
‘the temperature range 180-360 K.

I over

Helinbility
-Alog k==0.10 at 298 K.
A(E/R)= %100 K.

Eimmments on Preferred Values

‘fhe most rtecent kinetic studies of Bahta ef al'® and
¢y etall are in gond agreement, and the rate coeffi-
s-from these studies'! are somewhat lower than many.
the previous rate coefficient data, mcludmg those of Su
o1.'! and Kan ez al."® Since Treacy et al.! did not tabulate
ndividual rate coefficients at the various temperatures
“gwidied. only the 298 K rate constant can be used in the
nation of ‘the rate coefficient for this reaction. The pre-
1ed values are obtained from a leaSt-squares analysis of
: até coefficients of DeMore,’ Stedian ef al.,® Herron and
Huic,” Japa.r et al.*® Toby et al.,'° Atkinson et al.,'* Bahta
ot il 1 ~(averaging the rate coefficients at each of the four
mperatures  studied) and the 298 K rate coefficient of
1wacy et al.!

Bt}

As discussed by Atkinson -and 'Lloyd,“. ‘Atkinson and
Carter," and Atkinson,” the initial reaction forms the energy-
rich trioxane which rapidly decomposes:

¥
O
o o}

S, i | ..
05 + GH, —» | CH,—CH, | — HCHO + [CH,007F

to yield HCHO and the energy-rich biradical [CH,001¥
This energy-rich biradical can either decompose or be sta-
bilized

—» CO, + Hy (a)

I— = CO + H0 (b)
(1,007 —| .

\—» H + HCO, —= 2H + CcO, (c)

——— HO + HCO (d)
(CH00] + M — 00 + M ©

At room temperature and atmospheric pressure, the fraction
n A~ 311.13,18-21

of stabilization is -~0.37, aud Is
dependent.” The fractions of the overall reactions proceed-
ing via pathways (a) through (c) at room temperature and
atmosphcric pressurc arc then approximately 0.13, 0.31-
0.58, .and 0.06-0.10, respectively.3 However, Atkinson
et al.”? have observed the formation of OH radicals at room
temperature and atmospheric pressure of air, with a yield of
~0.12. The observed formation of OH radicals,? presum-
ably via pathway (d), probably indicates that pathway (c)
does not occur, since the study of Herron and Huie?® could
not differentiate between formation of H atoms and OH radi-

cals (any H atoms formed would rapidly react with O in the

pLessulc
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reaction system used by Herron and Huie® to produce OH
radicals). Hence a possible reaction sequence is

CO, + Hy ~13%
. . *
[CH;00] CO + H0 ~38%
HO + HCO ~12%
[éHzO(.)]* + M —» CH,00 + M 37%

The relative importance of these decomposition/stabilization
reactions of the [CH,OOJ* radical are, however, pressure
dependent,?’ with no quantitative data being available other
than at ~1 bar of air.
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O; + C;Hg — products

Rate coefficient data

kicm® molecule™! 57! Temp./K Reference Comments
Absolute Rate Coefficients
49X 1071 exp[~(1858£70)/T] 240-324 Treacy et al., 1992"~ (a)
(9.4204)x 10718 298
Reviews und Evaluations -
6.5% 107" exp(—1880%/T) 230-370 IUPAC, 1992 (1]
5.51X 10715 exp(—1878)/T) 235-362 Atkinson, 19943 (c)
6.5X 10715 exp(—1900)/T) 235-360 NASA, 1994* (d)

Comments

(a)
(b)

Static system, with chemiluminescence detection of Os.
Derived from a least-squares analysis of the absolute
rate coefficient data of Cox and Penkett” Stedman
eral.,’ Hemon and Huie,” Japar eral*® Adeniji
et al.,lo and Atkinson et al.'!

Derived from the absolute rate coefficient data of Her-
ron and Huie’ and Treacy et all

Based mainly on the absolute rate coefficient data of
Herron and Huie.’

(©
(@

Preferred Values

k=1.0%10""7 cm® molecule™! s~ ! at 298 K.
k=5.5%10"" exp(—1880/T) cm® molecule™! s~! over
the temperature range 230-370 K.

J.'Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Reliability
Alog A==0.10 at 298 K.
A(E/R)= %200 K.

Comments on Preferred Values

The absolute rate coefficients of Herron and Huie’ (note
that the lowest temperature studied was 235.0 K and no
250.0 X as given by Herron and Huie”) and Treacy et al.l are
in excellent agreement for propene, 1-butene, cis- and trans
2-butene, 2-methylpropene, and 2-methyl-2-butene over the
temperature ranges common to both studies.® Accordingly
the 298 K rate coefficients and temperature dependencies o
Herron and Huie’ and Treacy et al.! have been averaged t
yield the preferred Arrhenius expression (note that the indi
vidual rate coefficients at the various temperatures studied by
Treacy et al.! were not tabulated).
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“Fhe reaction proceeds via the initial formation of a triox- - CH; + CO, + H, HCO + CH;0, CH, + CO,, and

Wthh rapidly decomposes: CH;0H + CO
# M . s (a)
—» CH;CHOO
PN
. —» CH; + CO + HO (b)
0y + CHg —» CH;CH——CH;
O € ; —> CH; + CO, + H (©
b [CH;CHOOT —
/ \ L= HCO + CH;0 (d
| CHiCHO + [CH,001 [cﬁjcnooﬁ + HCHO cH 4 o ©
The rate coefficient ratio k,/k;, has not been experimentally > CHOH + CO ()

'mined, and is assumed to be approximately unity al-
gh this is probably not the case.'®!® It is generally as-
wod!“15 that the reactions of the energy-rich biradical
#1,00]" formed from propene are similar.to those for
! O]i formed from ethene. Hence, as for the O;+C,H,
tion at room temperature and 1 bar of air

—> CO, + K ~13%

000 L~ co + mo --38%
—— HO + HO, + CO ~12%

[Cm00f + M — cH,00 + M 37%

“J.ess data are available concerning the stabilization and
weomposition rteactions of the [CH;CHOOF  biradical.
. upon_ the SO, to H,SO, conversion yield in an
); + propene reaction system, Hatakeyama et al.'® deter-
fived an overall stabilized biradical (CH,00+CH;CHOO)
¢ld-of 0.254 *+-0.023 at- room temperature and atmospheric
sure, while Horie and Moortgat'? obtained a stabilized
'Lamdlcal yield of 0.44. Using the data of Hatakeyama ez al. 16
i assuming that k, =k, and that the {CH,OO¥ stabilization
s1¢ld s 0.37, then the fraction of [CH.CHOOT biradicals
sihich are- stabilized at ~298 K and 1 bar of air is 0.14.
While the stabilization/decomposition yields are expected to
#gpend on the individual alkene reacting with O3 (and on the
iptal pressure and temperature), this fraction of [CH;CHOO]
hiriicals which are stabilized at 298 K and 1 bar of air is
similar to the measured yields of stabilized CH;CHOO from
srins-2-butene (0.185'6) and cis-2-butenc (0.1817). A yicld
#f stabilized CH;CHOO from [CH;CHOOT of 0.15 at 298 K
#hil 1 bar of air is recommended, consistent with the product
.fhutaof Hatakeyama et al.'®:

CH,CHOO
decomposition

(15%)

{3H;CHOOF—
(85%)

m decomposition pathways are less well understood,'%!*13
il are expected to involve formation of CH; + CO + OH,

Recent studies and evaluations™? conclude that these

channcls have approximate fractional overall yields at —1
bar of air of: channel (a) 0.15-0.42; channel (b), 0.16-0.30;
channel (c), 0.17-0.34; channel (d), 0-0.07; channel (g),
0.14-0.17; and channel (f), 0-0.07. However, Atkinson and
Aschmann'® have observed the formation of OH radicals
from the ozone reaction with propene at room temperature
and atmospheric pressure of air, with a yield of 0.33 (uncer-
tain to a factor of ~1.5). A possible reaction sequence for
the [CH;CHOOT* biradical at 298 K ‘and 1 bar air is

[CHsCHOOF + M —» CH:CHOO + M ~15%
— CH; + CO + HO ~54%
(or CH;CO + HO)
[CHCHOOF —— CH; + CO, + H
— HCO + CH;0 ~17%
—» CH; + CO ~14%
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HCHO + hv — products

Primary photochemical transitions

Reaction AHSy4/k}-mot ™! D N—
HCHO + hy — H + HCO (1) 363.8 329
— H, + CO (2) ~1.9 -
Preferred Values Absorption cross-sections for HCHO photolysis over the wav.

length region 301.25-356.25 nm? as a function of temperaiui«
Absorption cross-sections for HCHO photolysis over the wave- (223-293 K)°
length region 240-360 nm, T = 285 K® .

olem? Intercept Temp.
Aom o 10%c/cm® Mom o 10%¢/em? Amm o 10%0/em® Nnm 10%0/em®  NMnm 223K 293K 213 K) gradient
240 0.064 271 1.789 302 1.064 333 0.215 301.25 1.38E-20 1.36E-20 1.37E-20 —2.10E-2.{
241 0.056 272 1.227 303 3.201 334 0.171 303.75 4.67E-20 4.33E-20 4.43E-20 —4.73E-22
242 0.105 273 0.645 304 6.902 335 0.143 306.25 3.32E-20 3.25E-20 3.27E-20 —1.06E-23
243 0.115 274 0.656 305 4914 336 0.194 308.75 2.27E-20 2.22E-20 2.24E-20 ~7.24E-2.
244 0.082 275 2.232 306 4.632 337 0.417 311.25 7.58E-21 9.31E-21 8.82E-21 2.48E-23
245 0.103 276 2416 307 2.100 338 2.360 313.75 3.65E-20 3.40E-20 3.47E-20 —3.64E-23
246 0.098 271 1.402 308 1.494 339 4712 316.25 4.05E-20 3.89E-20 3.94E-20 —2.30E-23
247 0.135 278 1.050 309 3.407 340 2.481 318.75 1.66E-20 1.70E-20 1.69E-20 6.59E-24
248 0.191 279 2.548 310 1.950 341 0.759 321.25 1.24E-20 L.13E-20 1.16E-20 —1.52E-23
249 0.282 280 2.083 311 0.521 342 0.681 32375 4.65E-21 4.73E-21 4.71E-21 1.18E-24
250 0.205 281 1.475 312 1.120 343 1.953 326.25 5.06E-20 4.44E-20 4.61E-20 —8.86E-22
251 0.170 282 0.881 313 1.116 344 1.137 328.75 2.44E-20 2.29E-20 2.43E-20 —-2.15E-23
252 0.288 283 1.066 314 4.747 345 0.323 331.25 1.39E-20 1.28E-20 1.31E-20 —1.53E-23
253 0.255 284 4.492 315 5.247 346 0.113 333.75 9.26E-22 1.23E-21 1.14E-21 4.32E-24
254 0.255 285 3.592 316 2.899 347 0.066 336.25 1.27E-21 1.13E-21 1.30E-21 5.03E-25
255 0.360 286 1.962 317 5.373 348 0.122 338.75 3.98E-20 3.36E-20 3.45E-20 —8.96E-23
256 0.509 287 1.295 318 2.975 349 0.032 341.25 8.05E-21 9.36E-21 8.98E-21 1.86E-23
257 0.339 288 3.356 319 0.918 350 0.038 343,75 1.44E-20 1.26E-20 1.31E-20 —2.64E-23
258 0.226 289 2.838 320 1.262 351 0.104 346.25 3.39E-23 7.10E-22 5.18E-22 9.57E-24
259 0.504 290 1.304 321 1.529 352 0.713 348.75 9.05E-23 3.97E-22 3.10E-22 4.38E-24
260 0.505 291 1.746 322 0.669 353 2.212 351.25 1.69E-21 2.35E-21 2.16E-21 9.48E-24
261 0549 292 0832 323 0345 354 1536 353.75 1.83E-20 1.55E-20 1.63E-20 —4.05E-23
262 0.520 293 3.727 324 0.816 355 0.676 356.25 3.54E-22 1.25E-21 9.19E-22 1.27E-23

263 0.933 294 6.535 325 1.850 356 0.135
264 0.823 295 3.950 326 5.950 357 0.036
265 0.430 296 2.333 327 3.485 358  0.0057
266 0.495 297 1.513 328 1.087 359 0.058
267 1.239 298 4.037 329 3.353 360 0.082
268 1.110 299 2.871 330 3.321
269 0.878 300 0.871 331 1.073
270 0.936 301 1.715 332 0.289

%Averaged over 0.5 nm wavelength intervals centered at the cited wave

length [G. K. Moortgat and W. Schneider (unpublished data)].

22 5 nm interval centered at given \

°At any temperature within the range 223-293 K, o can be calculated fron
the listed gradient (slope) and intercept fit parameters, with o=(slops
XT(°C)+intercept) [C. A. Cantrell, J. A. Davidson, A. H. McDaniel, R. E.
Shetter, and J. G. Calveit, J. Pliys. Chew. 94, 3902 (1990)].

Quantum Yields for HCHO photolysis

AMom ¢ L2
240 0.27 0.49
250 0.29 0.49
260 0.30 0.49
270 0.38 043
280 0.57 0.32
290 0.73 0.24
300 0.78 0.21
310 0.78 0.22
320 0.62 0.38
330 0.27 0.66
340 0.00 0.56
350 0.00 0.21
360 0.00 0.03

J. Phys. Chem. Ref. Data, Voi. 26, No. 3, 1997
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Kmments on Preferred Values

‘e preferred values are identical to our previous evajua-
i1, 1992." The recommended absorption cross-sections are
« of Moortgat and Schneider’ for A<300 nm and of
itrell er al® for A=301-356 nm, the latter providing a
smperature dependence over the range 223-293 K.

. ‘The problem of understanding the measured quantum
$ishls and branching ratios, Y,= /(¢ +.¢,), remains un-
seavlved. If the photochemistry were governed by a sequence
% light absorption into the first excited electronic state, in-
snint conversion to the electronic ground state, and subse-
gwent  competition of the reactions HCHO* — H
& HCO and HCHO* — H, + CO, then the measured values
Y5 for =300 nm would be difficult to interpret. Simula-
@is? of the rates of the competing processes of HCHO* and
itgnsurements of the product yields in molecular beams® in-

dicates that the radical channel (1), HCHO* — H
+ HCO dominates for A=<300 nm, with Y,<0.1 at 284 nm.”
An analysis of the details of the photophysical processes® has
failed to resolve this discrepancy with the macroscopic pho-
tochemical observations. The branching ratios for =300 nm
should therefore be treated with caution.
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CH3;CHO + hv — products

Primary photochemical transitions

: ipartion AHS5/k]- mol ™! N thresholg/NM
TEALCHO + By > CH, + €O (1) ~195
— CH,+HCO (2) 349.0 343
— CH;CO+H (3) 359.5 333
Absorption cross-sections
‘Wavelength range/nm Reference Comments
124365 Martinez er al., 1992 {a)

Comments

tal  Cross-sections are the average cross-section over a
1 nm (A>280 nm) or 4 nm (A<280 nm) region cen-
tered at the corresponding wavelength (see Preferred
Values).
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Preferred Values Quantum Yields for 1 atm air
Absorption cross-sections for acetaidehyde A/nm é .
260 046 0.31
Nnm 10%/cm? A/nm 10%¢/cm? N/nm 10% ofem? 270 031 03
202 0.056 297 438 334 0.363 ;—gg 0'85 3-?‘7
206 0.053 298 441 335 0.350 0.01 \
210 0.049 299 426 336 0.238 2(9)5 0.00 8"4“j
214 0.048 300 416 337 0.222 300 A
218 0.052 301 3.99 338 0.205 305 o
222 0.065 302 3.86 339 0219 3;(5) g-‘[’)
226 0.09 303 372 340 0.150 3 !
230 0.151 304 3.48 341 0.074 325 0'”")
234 0.241 305 3.42 342 0.042 330 0.
238 0.375 306 3.42 343 0.031.
242 0.564 307 3.36 344 0.026
246 0318 308 333 345 0.021 Comments on Preferred .Values ‘
250 1.128 309 3.14 346 0.019 The preferred absorption cross-sections are from the 1
254 1.524 310 2.93 347 0.015 cent more extensive measurements of Martinez ef al.! Ove
igg ;'2‘914 gg ;;g’ gjg g'gig the wavelength region 260~320 nm these cross-sections i
266 305 313 247 350 0.008 within 5% of our previous recommendarions based on ih.
270 342 314 2.44 351 0.007 data of Calvert and Pitts? and Weaver et al.’
274 4.03 315 220 352 0.006 Our previous recommendations* for the quantum yield
278 4.19 316 2.04 353 0.005 o altered
280 4.50 317 2.07 354 0.005 femain unaliered.
281 4.69 318 1.979 355 0.004
282 472 319 1.874 356 0.005
283 4.75 320 1.723 357 0.003
284 4.61 321 1.484 358 0.004
285 449 322 1.402 359 0.002 Ref.
286 444 323 1.244 360 0.003 elterences
287 4.59 324 1.091 361 0.002
288 472 325 1.136 362 0.001 . ) )
289 4.77 326 1.074 363 0'000 R. D. Martmez, A. A, Buxtrago, N. W. HOWCH, C. H. Heam, and J. A
290 489 327 0.858 364 0.000 JOBHS, Atmos. Environ. 26A, 785 (1992).
291 478 328 0.747 365 0.000 2J. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 1966
202 4.68 329 0.707 ?]. Weaver, J. Meagher, and J. Heicklen, J. Photochem. 6, 111 {1976).
293 4.53 330 0.688 4JUPAC, Supplement IV, 1992 (see references in Introduction).
294 433 331 0.588
295 427 332 0.530
296 424 333 0.398
C,H;CHO + hv — products
Primary photochemical transitions

Reaction AH30e/kJ- mol™! —
CILCIIO — Cylls | 11CO (1) 343.1 349

— C,Hg + CO 2) -7.1

— C,H,; + HCHO (3) 131.0 913

— CH; + CH,CHO (4) 336.4 356

Absorption cross-section data

Wavelength range/nm

Reference Comments

202--365

Martinez et al., 1992! (a)
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Comments

" Preferred Values

_-Absorption cross-sections for propanal

(Trps‘»s—scctiv(.ms are the average cross-section over a 1
fim (A>280 nm) or 4 nm (A<<280 nm) region centered
ot the. corresponding wavelength (see Preferred Val-

EVALUATED KINETIC, PHOTOCHEMICAL AND HETEROGENEOUS DATA 687

Quantum Yields for 1 atm air

s

" 10%cm?© Anm 10%g/cm? Mom 102 /cm?

0:049 295 5.57 330 0.575
0.049 296 5.37 331 0.494
0.057 297 5.16 332 0.466
0.069 208 5.02 333 0.430
0.080 299 5.02 334 0373
0.091 300 5.04 335 0.325
0:115 301 5.09 336 0.280
0.163 302 5.07 337 0.230
0.257 303 4.94 338 0.185
0.407 304 4.69 339 0.166
0.622 305 432 340 0.155
0.909 306 4.04 341 0.119
1.287 307 3.81 342 0.076
1.745 308 - 3.65 343 0.045
225 309 3.62 344 0.031
2.88 310 3.60 345 0.025
343 311 3.53 346 0.019
4.12 312 3.50 347 0.016
4.59 313 3.32 348 0.014
5.17 314 3.06 349 0.013
5.16 315 277 350 0.010
521 316 243 351 0.008
5.35 317 2.18 352 0.007
5.57 318 2.00 353 0.005
5.78 319 1.864 354 0.004
'5.86 320 1.831 355 0.002
5.82 321 1.777 356 0.001
572 322 1.662 357 0.001
5.59 323 1.577 358 0.000
5.52 324 1.488 359 0.000
5.56 325 1.300 360 0.000
5.68 326 1.129 361 0.000
5.81 227 0.996 362 0.000
5.88 328 0.828 363 0.000
5.80 329 0.685 364 0.000
365 0.000

A/nm ) ) &y
294 0.89
302 0.85
313 0.50
325 0.26
334 0.15

Comments on Preferred Values

The preferred absorption cross-sections are-from the re-
cent more extensive measurements of Martinez e al.! Over
the wavelength region 260-320 nm these cross-sections are
within 5% of our previous recommendations based on the
data of Calvert and Pitts.?

The preferred values of the quantum yields for the photo-
dissociation yielding C,Hjs radicals are taken from the study
of Heicklen ez al.,’ and refer to photolysis in air at a total
pressure of 1 atm. No explanation has been put forward to
account for the large differences in the reported values of
¢, as.a function of wavelength.>~

References

'R. D. Martinez, A. A. Buitrago, N. W. Howell, C. H. Hearn, and J. A.
Joens, Atmos. Environ. 26A, 785 (1992).

23. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 1966).

3]. Heicklen, I. Desai, A. Bahta, C. Harper, and R. Simomaitis, 1. Photo-
chem. 34, 117 (1986).

“P. B. Shepson and J. Heicklen, I. Photochem. 18, 169 (1982).

SP. B. Shepson and J. Heicklen, J. Photochem. 19, 215 (1982).

(CHO), + hv — products

Primary photochemical transitions

i i‘t.v;‘nction AHS /k]-mol ™1 A thresholg/ MMt
HHO), + AV — H, + 2CO —9.1

— 2HCO 286.3 418

— HCHO + CO (3) -7.2
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Preferred Values

ATKINSON ET AL.

Absorption cross-sections for glyoxal

Comiments on Preferred Values /
This data sheet is largely reproduced from our previous
evaluation, IUPAC, 1992." The preferred values listed above

Mom o 1020 ofem?  Mam 10%° ofem®  Mam 100 glem? are taken from the results of Plum ef al.? and are in good
agreement with the earlier published data summarized by
230.5 0.30 390 3.14 427 10.76 Calvert and Pitt 3
235 0.30 391 3.45 428 16.65 alvert and 1tts. .
240 0.42 392 3.25 429 4.06 The selection of preferred quantum yields for the photoly-
245 0.57 393 2.23 430 5.07 sis of glyvuxal as a function of wavelength under atmospheric
250 084 394 264 431 487 conditions must await further investigations. The ‘‘effec-
255 1.15 395 3.04 432 4.06 . ) g : 5.
260 1.45 196 2.64 433 3.65 tive”’ quantum yield of ¢=0.029 reported by Plum er al.” is
265 1.88 397 2.44 434 4.06 valid only for the particular spectral distribution used in theb
270 2.30 398 3.25 435 507 study. This value of ¢ may be used to calculate the rates of
275 2.60 399 3.04 436 8.12 Y y
280 987 400 284 437 528 photolyses of glyoxal under tropospheric conditions within
285 3.33 401 3.25 438 10.15 the spectral region 325-470 nm. For the lower wavelength
;gg ;;2 :gi ‘5“‘212 23(9) ZZ';é band in the troposphere it is recommended that the valuc
300 3,60 404 426 441 8.12 ¢$=0.4, reported by Langford and Moore* at 308 nm, be used
305 276 405 3.05 442 6.09 in such calculations.
310 2.76 406 3.05 443 7.51
3125 2.88 407 2.84 444 9.34
315 2.30 408 2.44 445 11.37
320 1.46 409 2.84 446 5.28
325 1.15 410 6.09 447 2.44
3275 0.30 411 527 448 2.84 References
330 0.00 412 4.87 449 3.86
335 0.00 413 8.32 450 6.09
340 0.00 414 7.51 451 10.96
345 0.00 415 8.12 452 12.18 'TUPAC, Supplement IV, 1992 (see references in Introduction).
350 0.00 416 4.26 453 23.95 2C. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, Jr..,
355 0.00 417 4.87 454 17.05 Environ. Sci. Technol. 17, 479 (1983).
360 0.23 418 5.89 455 40.60 3J. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 1966).
365 0.30 419 6.70 456 10.14 “A. O. Langford and C. B. Moore, J. Chem. Phys. 80, 4211 (1984).
370 0.80 420 3.86 457 1.63
375 1.03 421 5.68 458 1.22
380 1.72 422 5.28 459 0.41
382 1.57 423 10.55 460 0.41
384 1.49 424 6.09 461 0.20
386 1.49 425 7.31 462 0.00
388 2.87 426 1177
CH;COCHO + hy — products
Primary photochemical transitions
Reaction AHSge/k3-mol ™! threshola/nIN
CH;COCHO + hv — CH, + 2CO (1) —24.7
— CH;CO + HCO (2) 284.0 421
— CH3;CHO + CO  (3) -5.2
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Preferred Values

abnorption cross-sections for methylglyoxal between 225 and
410 nm, at 5 nm intervals

Amm 100 g/em? A/nm 102 g/em?®
225 1.268 320 1.511
230 1.477 325 0.938
235 1.803 330 0.652
240 2.071 335 0.482
245 2.304 340 0.323
250 2.612 345 0.300
255 2.859 350 0.394
260 3.280 355 0.560
265 3.618 360 0.695
270 4.159 365 1.077
275 4.413 370 1.475
280 4.877 375 1.911
285 4.719 380 2.429
290 4.838 385 3.221
295 4.362 390 4.029
300 3.754 395 4732
305 3.361 400 5.664
310 2.365 405 6.923
315 1.891 410 8.459

Preferred Values

Absorption cross-sections for methyiglyoxal between 401 and
475 nm, at 1 nm intervals

Amnm 10° o/cm?® Nnm 109 g/em?
401 5.90 439 11.01
402 6.07 } 440 9.94
403 6.35 441 10.39
404 6.54 442 10.20
405 6.91 443 10.17
406 7.20 444 11.17
407 7.58 445 9.61
408 7.94 446 8.90
409 8.12 447 9.84
410 8.52 448 9.18
411 8.63 449 10.13
4i2 9.07 450 8.67
413 9.37 451 6.34
414 9.62 452 6.33
415 9.68 453 6.08
416 9.71 454 4.46
417 10.04 455 3.69
418 10.07 456 3.08
419 10.12 457 2.46
420 10.21 458 1.81
421 10.34 459 1.28
422 10.51 460 0914
423 10.45 461 0.795
424 10.15 462 0.642
425 10.34 4063 0.479
426 10.24 464 0.332
427 9.84 465 0.268
428 10.01 466 0.227
429 9.94 467 0.187
430 1041 468 0.160
431 10.53 469 0.133
432 9.79 470 0.108
433 10.64 471 0.099
434 1U.54 472 0.08Y
435 10.81 473 0.077
436 11.13 474 0.067
437 9.99 475 0.062
438 10.59

Comments on Preferred Values

The preferred values of the absorption cross-sections are
identical to our previous evaluation, [UPAC, 1992.! The
measurements of the cross-sections reported by Meller er al.?
are approximately a factor of two higher than the previous
measurements of Plum er al.® The data of Meller ez al.” are
preferred because of the agreement between the cross-
sections measured by conventional spectroscopy and from in
situ generation of methylglyoxal.” In addition, Meller et al.”
found evidence of problems in the handling of methylglyoxal
which were minimized by the in situ generation technique
and which seem likely to have been present in the study of
Plum et al.’

No further work has been reported on the quantum yields
for the photolysis of methyliglyoxal as a function of wave-
length under atmospheric conditions. Plum ef al.® measured
the rate of photolysis of methylglyoxal, equal to [ oy ¢)Jy
Xd\. Hence the ‘‘effective value of ¢ measured by Plum
et al.® for the spectral range (325-475 nm) and distribution
used® must be reduced by a factor of ~2 to be consistent
with the increased values of o now being recommended.

References

'TUPAC, Supplement IV, 1992 (see references in Introduction).

2R. Meller, W. Raber, J. N. Crowley, M. E. Jenkin, and G. K. Moortgat, J.
Photochem. Photobiol., A: Chemistry 62, 163 (1991).

3C. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, Jr.,
Environ. Sci. 'Technol. 17, 479 (1983).
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CH;COCH; + hv — products

Primary photochemical transitions

Reaction AHSg/kI- mol™! N hreshota/BIM
CH;COCH;3 + hv — CH;CO + CH; (1) 338.9 353
— 2CH; + CO ?2) 398.7 300

Absorption cross-section data

Wavelength range/nm ' Reference Comments

202-365 Martinez et al., 1992! ()

260-360 Hynes et al.. 19922 (h)
Comments Preferred Values

(a) Cross-sections are the average cross-section over a 1

Absorption cross-sections for acetone
nm (A>280 nm) or 4 nm (A<280 nm) region centered

at the corresponding wavelength (see Preferred Val- Nom o 10° g/em®  Mom o 10° ofem Mmoo 10% ofem?
ues). 202 0.533 205 352 330 0.067
(b) Cross-sections measured as a function of temperature 208 g-lgi ;36 ;;(5) 331 0.051
. 21 .1 7 . 332 0.040
over Fhe range 260-360 K. Data were presented in 214 0.120 208 207 333 0.031
graph1ca1 form and show a marked decrease in cross- 218 0.163 209 2901 334 0.026
section with decreasing temperature. 222 0.242 300 277 335 0.017
226 0.361 301 2.66 336 0.014
230 0.533 302 2.53 337 0.011
234 0.774 303 2.37 338 0.009
238 1.086 304 2.24 339 0.006
242 1.479 305 2.11 340 - 0.005
246 1.944 306 1.952 341 0.005
250 247 307 1.801 342 0.003
254 3.04 308 1.663 343 0.004
258 3.61 309 1.537 344 0.002
262 4.15 310 1.408 345 0.002
266 4.58 311 1.276 346 0.001
270 4.91 312 1.173 347 0.002
274 5.06 313 1.081 348 0.001
278 5.07 314 0.967 349 0.001
280 5.05 315 0.858 350 0.001
281 5.01 316 0.777 351 0.000
282 4.94 317 0.699 352 0.001
283 4.86 318 0.608 353 0.000
284 476 - 319 0.530 354 0.001
285 4.68 320 0.467 355 0.000
286 4.58 321 0.407
287 4.50 322 0.344
288 4.41 323 0.287
289 4.29 324 0.243
290 4.19 325 0.205
291 4.08 326 0.168
292 3.94 327 0.135
293 3.81 328 0.108
294 3.67 329 0.086
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Quantum Yields for 1 atm air

Anm &
250 0.76
260 0.80
270 064
280 0.55
290 0.30
300 0.15
310 0.05
320 0.028
2330 0.033

Lomments on Preferred Values

The- preferred absorption cross-sections are from the re-
cent: extensive measurements of Martinez et al' Over the
wavelength region 260-320 nm these cross-sections are

‘within' 5% of our previous recommendations based on the
“data. of Calvert and Pitts® and Meyrahn et al.* The cross-
ssections reported by Hynes er al.” at room remperature con-
<1ain large error limits at 320 and 340 nm but are in reason-
“uble agreement with those recommended here.

" This latter study® has also shown that the cross-sections
Care temperature dependent. Since no easily presentable for-
“mulation of the effect of temperature on the cross-sections
~was given, the original paper” should be consulted for de-

tails. It was noted, however, that neglecting the temperature-
dependence of the cross-sections results in significant over-
estimation of the photodissociation rates at lower tempera-
ture, by, for example, ~350% at 220 K in the upper
troposphere.” .

The two studies™ of the photodissociation of acetone in
air are not in agreement regarding the quantum yield mea-
surements. As pointed out by Meyrahn et al. * further work
on this system is needed to elucidate more quantitative de-
tails such as the collisional deactivation of photoexcited ac-
etone: In the meantime, we have recommended the quantum
yield data of Meyrahn ez al. , on the basis that the trend in
¢, with wavelength observed by these authors appears to be
reasonable.

References

IR D. Martinez, A. A. Ruitragn, N. W Howell, C. H. Hearn, and J. A.
Joens, Atmos. Environ. 264, 785 (1992).

2A. J. Hynes, E. A. Kenyon, A. J. Pounds, and P. H. Wine, Spectrochim.
Acta 484, 1235 (1992).

31. G. Catvert and 1. N. Pitts, Jr., Photochemistry (Wiley, New York, 1966).
“H. Meyrahn, J. Pauly, W. Schneider, and P. Warmneck, J. Atmos. Chem. 4,
277 (1986). . .

SE. P. Gardner, R. D. Wijayaratne, and J. G. Calvert, J, Phys. Chem. 88,
5069 (1986). :

CH;O0H + hr — products

Primary photochemical transitions

Resction

AHSpe/kI-mol ™! N thyeshota/ M
CH;O00H + kv — CH;0 + HO (1) 188 637
 CH, +HO, (2 292 410
— CH;0, + H (3) 359 333

“Cajculated assuming AH§=AH%,, C, data are not available for CH;O00H.
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Preferred Values

Absorption cross-sections

ATKINSON ET AL.

Comments on Preferred Values

The preferred values are identical to our previous evalua
tion, ITUPAC, 1992.! The preferred absorption cross-section
data are those of Vaghjiani and Ravishankara,”® which ar

Mn 10 o/em? A/nm 10? g/em? . !

m approximately 25% lower than the previously recommended!
210 31.2 290 0.691 data of Molina and Arguello.® The source of the discrepancy
;;g ?g'z 3(9)(5) gi?; appears to lie in the determination of the concentrations ol
s 122 205 0313 CH,OO0H in the absorption cell. Molina and Arguello® use:
230 9.62 310 0.239 a bubbler containing Fe?* solution, which Vaghjiani and
235 7.61 315 0.182 Ravishankara~ showed does not give quantitative trapping.
240 6.05 320 0.137 On the basis of the results of Vaghjiani and
245 4.88 325 0.105 Ravishankara,* who showed that ¢oy~1.0 at A=248 nm, we
250 3.98 330 0.079 . . .
255 303 335 0.061 recommend that for atmospheric  photolysis ol
260 2.56 340 0.047 CH;00H, ¢; be taken to be unity for wavelengths >290
265 2.1 345 0.035 nm.

270 1.70 350 0.027
275 1.39 355 0.021 References
280 1.09 360 0.016
285 0.863 365 0.012 :IUPAC, Supplement 1V, 1992 (see references in Introduction).
i “G. L. Vaghjiani and A. R. Ravishankara, J. Geophys. Res. 94, 3487
(1989).
3M. 1. Molina and G. Arguello, Geophys. Res. Lett. 6, 953 (1979).
4G. L. Vaghjiani and A. R. Ravishankara, J. Chem. Phys. 92, 996 (1990).
CH3;0NO, + hv — products
Primary photochemical transitions
Reaction AHS/k]- mol ™! N threshole/AM
CH;0NO, + hv — CH;0 + NO, 170.5 702
— HCHO + HONO —68.4
— CH3;ONO + O 303.6 394
Absorption cross-section data
Wavelength range/nm Reference Comments
220-335 Rattigan et al., 1992 (a)
Comments
(a) Cross-sections were measured with a dual-beam diode  A/nm 102 gyfem? 10° B/K™!
array spectrometer with a spectral resolution of 0.3 nm 270 c.01 141
over the temperature range 238-294 K. The tempera- 280 4.92 1.70
ture dependence of o was found to obey the equation, 290 2.18 2.00
logygo =log oo +BT with the following values of the 2(1)8 8‘?,2) 9 g;z
intercept and slope of this equation: 320 0.0035 6.56
330 0.0004 7.38
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Preferred Values at 298 K

by /nn‘i 10%0/cm?
270 237"
275 1.99
280 1.57
285 1.17
290 0.836
295 0.559
300 0.356
305 0.211
310 0.139
315 0.0626
320 0.0312
325 0.0144

330 0.0066

“Comments on Preferred Values
The preferred absorption cross-sections are the average
valies at room temperature from the data of Roberts and
fajer’ and Rattigan et al.," which are in reasonable agree-
ment ‘with: the absorption spectrum reported by Calvert and
Pins® and: with the cross-sections reported by Maria et al.*
“The resuits of Taylor ef al.’ are consistently higher than the
“values of the other four studies,!™ by as much as a factor of
~iwo-in the region 290-330 nm. There is no apparent expla-

nation of this disc:rc:pancy.6 The effect of temperature on o
may be calculated from the expression.reported by Rattigan
et al.' and listed above.

The sole evidence on the primary processes comes from
the study of Gray and Style,” who concluded from the prod-
ucts of photolyses that reaction-(1) occurred, but reported no
quantum yield data. It has generally been assumed® that the
lack of structure in the absorption spectra of RONO, mol-
écules’ indicates that the quantum yield for dissociation is
unity. In the case of ethyl and propy! nitrates this conclusion
is supported by experimental data on the rates of photolysis
of the nitrates in sunlight (see comments on photolyses of
other alkyl nitrates).

References

lo. Rattigan, E. Lutman, R. L. Jones, R. A. Cox, K. Clemitshaw, and J.
Williams, J. Photochem. Photobiol. A: Chem. 66, 313 (1992); corrigen-
dum, ibid., 69, 125 (1992). :

5. M. Roberts and K. W. t<ajer, Environ. Sci. Technol. 23, 945 {1989).

3J. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 1966).

4H. J. Maria, J. R. McDonald, and S. P. McGlynn, J. Am. Chem. Soc. 95,
1050 (1973). - o

SW. D. Taylor, T. D. Allston, M. J. Moscato, G. B. Fazekas, R. Kozlowski,

"and G. A. Takacs, Int. J. Chem. Kinet. 12, 231 (1980).

6J. M. Roberts, Atmos. Environ. 244, 243 (1990).

J. A. Gray and D. W. G. Style, Trans. Faraday Soc. 49, 52 (1953).

C,HsONO; + hy — products

Primary photochemical transitions

Reaction

) AH‘Z’%/kJ-moI‘I A reshoa/tim
,H;0NO, + hv —C,H;0+NO, (1) 170.0 704
— CH,CHO + HONO (2) -91.2
— (LH;ONO + O 3
Preferred Values Comments on Preferred Values
am pE— o 10 ofom? . The preferred vallues are identical to our- previous eva.lua-
S : tion, [UPAC, 1992." The preferred absorption cross-sections
”‘Z i;ég ;2‘5) g; are from the measurements of Turberg er al.? over the wave-
;;0 710 270 32 length region 185-265 nm, and are the average of the mea-
195 1490 275 28 surements of Roberts and Fajer’ and of Turberg er al.? over
200 1140 280 23 the wavelength region 270-330 nm. These two studies>> are
305 738 285 1.8 in good agreement over the wavelength region 270-315 nm,
in ANN 00 112
‘2‘]; I;; ;;; Oé 5 but show variations in the cross-sections of up to a factor of
0 01 300 051 two over the region 320-330 nm. The data of Calvert and
225 45 305 0.32 Pitts* from 245 to 303 nm and of Kaya ez al.’ from 185 to
230 24 310 0.18 225 mm yield somewhat higher cross-sections than the pre-
235 13 315 0.091
240 8.0 320 0.045 ferred data. . . o
245 56 325 0.023 There are 1nsufﬁ01ent definitive c-lata to recommenfl values
250 47 330 0.011 of the quantum yields. It seems likely, however, since the
255 4.3

absorption spectra of organic nitrates are structureless con-
tinua, that the total primary quantum' yields for dissociation
are.unity. Evidence for this conclusion comes from direct
measurements of the rates of formation of NO, from the
photolyses of ethyl nitrate in sunlight.’ These agreed well
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with the calculated rates of photolysis based on measure-
ments of the absorption cross-sections, solar irradiances, and
an assumed value of ¢;=1 throughout the region 290-340
nm.

References

JTUPAC, Supplement IV, 1992 (see references in Introduction).
M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.

Klingensmith, and G. A. Takacs, J. Photochem. Photobiol. AS1, 2¥I
(1990).
3J. M. Roberts and R. W. Fajer, Environ. Sci. Technol. 23, 945 (1989).
4]. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, New York, 19661
SK. Kaya, K. Kuwata, and S. Nogakura, Bull. Chem. Soc. Jpn. 37, 10
(1964).
SW. T. Luke and R. R. Dickerson, Geophys. Res. Lett. 15, 1181 (1988).
7W. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Rc
94, 14905 (1989).

n-C3H,ONO, + hv — products

Primary photochemical transitions

AHSgg/kI-mol ™! A threshota/MH1!

165.9 721
-92.8

Reaction
n-C3H,0ONO, + Av — n-C3H,0 + NO, m

— C,HsCHO + HONO (2)

— C3H,0ONO + O (3)

Preferred Values

Afmm 10° g/em? N/nm 102 g/cm?®
185 1810 260 4.3
188 1830 265 4.0
190 1800 270 3.6
195 1600 275 3.0
200 1260 280 2.5
205 855 285 1.9
210 489 290 1.4
215 244 295 1.0
220 114 300 0.66
225 57 305 0.40
230 29 310 0.23
235 16 315 0.17
240 ’ 9.2 320 0.11
245 6.4 325 0.078
250 5.0 330 0.060
255 4.6

Comments on Preferred Values

The preferred values are identical to our previous evalua-
tion, IUPAC, 1992.! The preferred absorption cross-sections
are from the measurements of Turberg et al.? over the wave-
length region 185-265 nm and 315-330 nm, and are the
average of the measurements of Roberts and Fajer’ and of

Turberg et al.? over the wavelength region 250-310 nm.
These two studies> are in agreement except at the longes!
wavelengths where the cross-sections become swall, and
consequently must involve large error limits.

There are no data on either the products of photodissocia-
tion or the quantum yields. It seems likely, however, since
the absorption spectra of organic nitrates are structureless
continua, that the total primary quantum yields for dissocia-
tion will be unity. Evidence for this conclusion comes from
direct measurements of the rate of formation of NO, from
the photolyses of n-C;H;ONO, in sunlight.* These agreed
well with the calculated rates of photolyses, based on mea-
surements of the absorption cross-sections, solar irradiances
and an assumed value of ¢;=1 throughout the wavelength
region 290-340 nm.

References

'TUPAC, Supplement IV, 1992 (see references in Introduction).

M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.
Klingensmith, and G. A. Takacs, J. Photochem. Photobiol. A51, 281
(1990).

3]. M. Roberts and R. W. Fajer, Environ. Sci. Technol. 23, 945 (1989).

“W. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.
94, 14905 (1989).

i-C3H,ONQO, + hv — products

Primary photochemical transitions

Reaction AHSgg /kI-mol ™! A hreshotd/ DI
i-C3H,ONO, + hv — C3H,0 + NO, M 1717 697

— CH,COCH; + HONO (2) ~105.9

— i-C;H,0NO + O 3)

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values

Cam 10%° o/em? Nnm 10% o/cm?
188 1790 260 4.9
18N8 1810 265 4.6
P90 1790 270 4.1
1S 1610 275 3.6
200 1260 280 29
NN 867 285 2.3
0 498 290 1.7
’15 247 295 1.2
220 117 300 0.81
ARS) 58 305 0.52
230 31 310 0.32
235 18 315 0.19
1) 11 320 0.11
245 7.0 325 0.061
250 5.7 330 0.037
255 5.2

( ‘omments on Preferred Values

The preferred values are identical to our previous evalua-
ion, IUPAC, 1992.! The preferred absorption cross-sections
are from the measurements of Turberg ef al.? over the wave-
length region 185-265 nm, and are the average of the mea-
surements of Roberts and Fajer’ and of Turberg et al.? over
(he wavelength region 270—330 nm. These two studies™” are

in good agreement except at the longest wavelengths where
the cross-sections become small, and consequently must in-
volve large error limits.

There are no data on either the products of photodissocia-
tion or the quantum yields. It seems likely, however, since
the absorption spectra of organic nitrates are structureless
continua, that the total primary quantum yields for dissocia-
tion will be unity. Evidence from measurements of the rate
of formation of NO, from the photolyses of alkyl nitrates in
sunlight supports this conclusion.* Thus the measured rates
of formation of NO, matched well with calculated rates of
photolyses of the RONO, based on measurements of the
absorption cross-sections, solar irradiances and an assumed
value of ¢;=1 throughout the wavelength region 290-330
nm

References

'TUPAC, Supplement IV, 1992 (see references in Introduction).

2M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.
Klingensmith, and G. A. Takacs, J. Photochem. Photobiol. AS1, 281
(1990).

3J. M. Roberts and R. W. Fajer, Environ. Sci. Technol. 23, 945 (1989).

4“W. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.
94, 14905 (1989).

CH302N02 + hv — prOductS

Primary photochemical transitions

Reaction AHSe/k]- mol ™! * \ threshola/NM
CH,0,NO, + hv — CH;0, + NO, (1) 88 1359
— CH;0 +NO; (2 126 949
"Only approximate values of AHSqs values are given since the heat of formation of CH;0,NO, is not well known.
Absorption cross-section data
Wavelength range/nm Reference Comments
202-280 Bridier, Lesclaux, and Veyret, 1992! (a)

Comments

(a) Flash photolysis of Cl, in the presence of CH,-
0,-NO, mixtures at a total pressure of 760 Torr, with
UV absorption to monitor the concentrations of
CH;0, radicals and CH;0,NO,.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values

Absorption cross-sections for CH;0,NO,

\/om 10 glom? \/nm 10 g/om’?
200 500 265 20.0
205 360 270 16.0
210 240 275 13.0
215 150 280 105
220 105 285 6.2
225 80 290 3.9
230 68 295 24
235 60 300 14
240 53 305 0.85
245 46 310 0.53
250 39 315 0.39
255 32 320 024
260 26 325 0.15

Comments on Preferred Values

In view of the thermal instability of CH;0,NQO,, the mea-
surement of the cross-sections for CH;0,NO, presents con-
siderable experimental problems. Nevertheless the recent
measurements of Bridier et ol are in wmoderately good

agreement with previous data®™* at wavelengths <255 nm
At longer wavelengths the agreement is less good and the
experimental data from Cox and Tyndall,” which are the oniy
values extending into the wavelength region of importanct
for the atmosphere (A\=290 nm), show large scatter. The pre
ferred values given in the table for wavelengths >280 nn
are based on a comparison with the spectrum of HO,NO.
(this evaluation).

There are no data to indicate the relative importance of the
two photodissociation channels, and neither can be precluded
on energetic grounds in the absorbing wavelength region. By
analogy with other molecules containing the -NO, chro-
mophore (for example, HNO;), it is likely that absorption
around 270 nm is associated with an orbitally forbidden »-
a* transition which leads to dissociation of the molecule.
Thus it is probable that ¢; +¢,=1.

References

'1. Bridier, R. Lesclaux, and B. Veyret, Chem. Phys. Lett. 191, 259 (1992).
2R. A. Cox and G. S. Tyndall, Chem. Phys. Lett, 65, 357 (1979).
30. Morel, R. Simonaitis, and J. Heicklen, Chem. Phys. Lett. 73, 38 (1980).
'S. P. Sander and R. T. Watson, J. Phys. Chem. 84, 1664 (1980).

CH;CO3;NO, + hv — products

Primary photochemical transitions

Reaction

AH3og /K3 -mol ™! Athreshota/NM
CH,CO3NO, + hv — CH;3CO; + NO, (1) 119 1005
— CH3CO, + NO;  (2) 115 1040
Quantum yield data
Measurement Wavelength range/nm Reference Comments
$(NO,) 248 Mazely, Fried], and Sander, 1995 (a)

Comments

(a) Pulsed laser photolysis of PAN with LIF detection of
NO,. The quantum yield for NO, formation was mea-
sured relative to that from the photodissociation of
HNOj; at 248 nm, assuming a value of ¢(NO,) from

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

‘HNO; of unity at this wavelength (see data sheet for
HNO; photolysis, this evaluation). A value of
$(NO,)=0.83+0.09 from the photolysis of PAN at
248 nm was obtained.
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Preferred Values

Absorption cross-sections

“Afom 109 g/em? ANam 10° ofem?®
200 317 255 79
205 237 260 5.7
210 165 265 4.04
215° 115 270 2.79
220 77 275 1.82
225 55. 280 1.14
2230 39.9 285 0.716
235 29.0 290 0.414.
240° 20.9 295 0.221
245 15.9 300 0.105

250 10.9

‘Comments on Preferred Values
_The preferred values of the absorption cross-sections are
those teported by Senum et al.,”> which are in substantial

agreement with the previously recommended provisional

-data,® and with the less direct measurements of Basco and

Parmar.*

Measurements are still needed on the quantum yields and
relative importance of the proposed primary processes as a
function of wavelength. The NO, formation quantum yield
measured by Mazely et al.! at 248 nm suggests that pathway
(1) dominates. It is therefore suggested that (¢, +¢,)=1 for
absorption in the UV region and that channel (1) forming
CH;CO3 and NO, is the dominant photochemical primary
process.

References

T L. Mazely, R. R. Fried], and S. P. Sander, J. Phys. Chem. 99, 8162
{1995). '

2G. L. Senum, Y.-N. Lee, and I. S. Gaffney, J. Phys. Chem. 88, 1269
(1984).

3CODATA, Supplement I, 1982 (see references in Introduction).

“N. Basco and 8. S. Parmar, Int. J. Chem. Kinet. 19, 115 (1987).
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4.5 Sulfur Species

O+CS—-CO+S

AH®=~-355Kk]-mol ™}

No new data have been published since our last evaluation.

Preferred Values

k=2.1X10"" cm® molecule™ s7! at 298 K.
k=2.7%x10710 exp(—760/T) cm® molecule™' s~ over the
temperature range 150-300 K.

Reliability
Alog k==0.1 at 298 K.
A(E/R)=%250 K.

Comments on Preferred Values

Because of its significance in the CO chemical laser, this
reaction has been the subject of a number of studies.!™ The
values of k obtained at 298 K fall within a range of about
20%. The preferred value is the mean of these measure-

ments, all of which seem reliable. To obtain the preferrcd
expression for k, the only available value of E/R is accepted
and the pre-exponential factor is adjusted to fit the preferred
value of k at 298 K. The preferred values are identical 1o
those in our previous evaluation, IUPAC, 19923

References

LR Slagle, R. E. Graham, I. R. Gilbert, and D. Gutman, Chem. Phy-.
Lett. 32, 184 (1975).

2G. T. Bida, W. H. Breckenridge, and W. S. Kolln, J. Chem. Phys. 64.
3296 (1976).

3H. V. Lilenfeld and R. J. Richardson, J. Chem. Phys. 67, 3991 (1977).

4G, Hancock and 1. W. M. Smith, Trans. Faraday Soc. 67, 2586 (1971).

SIUPAC, Supplement IV, 1992 (see references in Introduction).

O + CHySCH; — CH;SO + CHj

AH°=-133k]-mol™"

No new data have been published since our last evaluation.

Preferred Values

k=5.0%10"" cm® molecule™' 57! at 298 K.
k=1.3x 107" exp(409/T) cm® molecuie™’ s™' over the
temperature range 270-560 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)==%100 K.

Comments on Preferred Values

The data of Nip er al.! are in excellent agreement, over the
whole temperature range, with both of the studies of Lee
et al.>* The preferred values of k at 298 K and (E/R) are
obtained from a least-squares fit of the data from those three

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

studies and are identical to those in our previous evaluation,
IUPAC, 1992.* The product study of Cvetanovic ez al.> sug-
gests that at high pressures (0.39-1.58 bar) the reaction pro-
ceeds almost entirely by addition followed by rapid fragmen-

tation to CH3 + CH;SO.

References

'W. S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chem. Soc. 103,
3526 (1981).

2], H. Lee, R. B. Timmons, and L. J. Stief, J. Chem. Phys. 64, 300 (1976).

3J.H. Lee, 1. N. Tang, and R. B. Klemm, J. Chem. Phys. 72, 1793 (1980).

“TUPAC, Supplement IV, 1992 (see references in Introduction).

5R. J. Cvetanovic, D. L. Singleton, and R. S. Irwin, J. Am. Chem. Soc. 103,
3530 (1981).
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O +CS,—SO+CS (1)
—~CO+S, (2
—~0CS+S (3)
&147())=—89 kJ-mol ™’
Ajf*(2)=—348 kJ-mol '
SAH{3)=—231KkJ-mol™!
Rate coefficient data (k=k;+ i+ k3)
“axm’ molecule™! 7’ ' Temp./K Reference Comments
: -.?!-is;m‘hmg Ratios
- ky/k=0.030%+0.010 296 Cooper and Herschberger, 1992 (a)
- 44/k=0.085%0.010 296
E#views and Evaluations
12% 107" exp(—650/T) 200-500 TUPAC, 19922 (b)
3,2 107 exp(—650/T) 200-300 NASA, 19943 ©)

Comments

1) Pulsed laser photolysis at 355 nm of NO,-CS,-SFg¢
mixtures. CO and OCS were monitored by an infra-red
diode laser absorption system, and concentrations were
calculated using literature values of absorption line-
strengths. Total O(3P) produccd was obtaincd from the
NO, absorption coefficient and dissociation quantum
yield.

ib) See Comments on Preferred Values.

{c) Based on the work of Westenberg and deHaas,* Callear
and Hedges,” Slagle et al.,> Wei and Timmons,” Gra-
ham and Gutman,® Callear and Smith,” and Homann
et al.

Preferred Values

k=3.6X1071? cm® molecule™! 5! at 298 K.

£k=3.2% 1071 exp(—650/T) cm® molecule ™! s™! over the
temperature range 200-500 K.

k\/k = 0.90 over the temperature range 200-500 K.

Reliability
Alog k==%0.2 at 298 K.
A(E/R)=+100 K.

Comments on Preferred Values

There are several determinations of & at 298 K using a
variety of techniques, which are in good agreement. The pre-
ferred value is an average of the values of Westenberg and
deHaas,* Callear and Hedges,” Slagle eral..® Wei and

Timmons,7 Graham and Gutman,® Callear and Smith,9 and
Homann ez al.’® The preferred temperature coefficient is that
of Wei and Timmons.” There is evidence to suggest that the
Arrhenius plot is not linear over a wide temperature range
but over the range for which our preferred values apply the
other studies of the temperature dependence of k%' are in
good agreement with the value of Wei and Timmons.’

The reported values for the branching ratios show consid-
erable scatter. For ki/k values of 0.085,! 0.015,% 0.30,"®
0.006,' and 0.093% have been reported and for ky/k; values
of 0.03,' 0.006,' 0.014,"" and 0.05-0.20.° Channel 1 is
clearly the major channel but at this stage our only recom-
mendation is that k;/k=0.90.

References

I'W. E. Cooper and J. F. Herschberger, 1. Phys. Chem. 96, 5405 (1992).

2TUPAC, Supplement IV, 1992 (see references in Introduction).

3NASA Evaluation No. 11, 1994 (see references in Introduction).

“A. A. Westenberg and N. deHaas, J. Chem. Phys. 50, 707 (1969).

SA. B. Callear and R. E. M. Hedges, Trans. Faraday Soc. 66, 605 (1970).

°LR. Slagle, J. R. Gilbert, and D. Gutman, J. Chem. Phys. 61, 704 (1974).

7C. N. Wei and R. B. Timmons, J. Chem. Phys. 62, 3240 (1975).

8R. E. Graham and D. Gutman, J. Phys. Chem. 81, 207 (1977).

°A. B. Callear and I. W. M. Smith, Nature 213, 382 (1967).

19K H. Homann, G. Krome, and H. Gg. Wagner, Ber. Bunsenges. Phys.
Chem. 72, 998 (1968).

D, S. Y. Hsu, W. M. Shaub, T. L. Burks, and M. C. Lin, Chem. Phys. Lett.
44, 143 (1979).

12G. Hancock and 1. W. M. Smith, Trans. Faraday Soc. 67, 2586 (1971).

BR. D. Stuart, P. H. Dawson, and G. H. Kimball, J. Appl. Phys. 81, 207
(1977).

V. L. Talrose, N. 1. Butkovskaya, M. N. Larichev, 1. O. Leipintskii, 1. 1.

A. E. Dodonov, B. V. Kudrov, V. V. Zelenov, and V. V. Razni

Maorazow
Dodor H“uarey Zelenov, & mazm

Morozov,

kov, Adv. Mass Spectrom. 7, 693 (1978).
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AH®=—-167kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=1.3%10""" ¢cm® molecule™ 57" at 298 K.
k=5.5%10"1" exp(250/T) cm® molecule™! s™' over the
temperature range 290-570 K.

Reliability
Alog k==*0.3 at 298 K.
A(E/R)==*100 K.

Comments on Preferred Values

The data of Nip ez al.' using a modulated photolysis tech-
nique are about a factor of 2 lower than the data from the
earlier discharge flow-resonance fluorescence study of Lee
et al.,? who reported no temperature dependence over the
rather limited range 270-329 K. The causc of the discrep-
ancy between the two measurements is not clear. The pre-

ferred value at 298 K is an average of the values from il.
two studies.? The temperature dependence is that from N
et al." with the A factor adjusted to yield the preferred valn
at 298 K. The preferred values are identical to our previon

- evaluation, IUPAC, 1992

The product study of Cvetanovic et al.* suggests thal .:
high pressures, 0.39-1.58 bar, the reaction proceeds maiul
by addition followed by rapid fragmentation to Cil"
+ CH,S0.

References

'w.S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chem. Soc. it}
3526 (1981).

2J. H. Lee, I. N. Tang, and R. B. Klemm, J. Chem. Phys. 72, 5718 (190

3TUPAC, Supplement IV, 1992 (see references in Introduction).

*R. L. Cvetanovic, D. L. Singleton, and R. 8. Irwin, J. Am. Chem. Soc. 1#!
3530 (1981).

0 +0CS—S0+CO (1)
—CO,+8 (2

AH°(1)=—213 kJ-mo}™’
AH®(2)=—224kJ-mol™!

No new data have been published since our last evaluation.

Preferred Values (k=k,+ k;)

k=12x10""* cm® molecule™ s~ at 298 K.
k=1.6x10"" exp(—2150/T) cm® molecule ™' s™* over the
temperature range 220-500 K.

Reliability
Alog k==*0.2 at 298 K.
A(E/R)=*150 K.

Comments on Preferred Values

The values obtained for k by a variety of techniquesl‘9 are
in excellent agreement over a wide range of temperatures,
and pressures (<340 mbar). The available evidence suggests
that at low temperatures the reaction proceeds by channel (1)
and that channel (2) may only become significant at tempera-
tures above 600 K.

Because of the possible enhancement of the rate by chan-
nel 2 at high temperatures, the recommended value of E/R is
the mean of the values obtained in studies by Wei and
Timmons’ and Klemm and Stief® which were limited to tem-

dJ. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

peratures below 502 K. The value of £ at 208 K is the me:n
of the values in Refs. 1-9, and the pre-exponential factor i-
adjusted to fit this value of & and the recommended value o
E/R. The preferred values are identical to our previous evalu
ation, TUPAC, 1992."°

Approximate values of ky/k; measured are: 1073 at 298
K" and 1072 at 500 K.

References

'J. O. Sullivan and P. Warneck, Ber. Bunsenges. Phys. Chem. 69, 7 (1965).

?K. Hoyerman, H. Gg. Wagner, and J. Wolfrum, Ber. Bunsenges. Phys.
Chem. 71, 603 (1967).

3K. H. Homann, G. Krome, and H. Gg. Wagner, Ber. Bunsenges. Phys.
Chem. 72, 998 {1968).

'A. A. Westenberg and N. deHaas, J. Chem. Phys. 50, 707 (1969).

SW. H. Breckenridge and T. A. Miller, J. Chem. Phys. 56, 465 (1972).

R. B. Klemm and L. J. Stief, J. Chem. Phys. 61, 4900 (1974).

7C. N. Wei and R. B. Timmons, J. Chem. Phys. 62, 3240 (1975).

SR. G. Manning, W. Braun, and M. J. Kurylo, J. Chem. Phys. 65, 2609
(1976).

°N. Yoshida and S. Saito, Bull. Chem. Soc. Jpn. 51, 1635 (1978).

0JJPAC, Supplement IV, 1992 (see references in Introduction).

1S, Dondes and P. Safrany, reported in Ref. 1.
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0+302+M-—>303+M

9t 348.1 kI -mol !

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

Jg=1.4X107% [N,] em® molecule™! 577 at 298 K.
ky=4.0X 10732 exp(—1000/7) [N,] cm® molecuie™ s™!
‘over the temperature range 200-400 K.

Heliability
Alog ky==0.3 at 300 K. ,
A(E/R)==*200 K over the temperature range 200—400 K.

Lommenus on rreferred Values
‘The preferred values are based on the data from Ref. 1, the
Jnph temperature dissociation results from Ref. 2, and the

theoretical analysis from Ref. 3. Because the reaction has an
activation barrier, the Arrhenius form is chosen. The falloff
transition to the high pressure range is expected at pressures
not too far above 1 bar. However, no experimental data are
available in this pressure region. These preferred values are
identical to those in our previous evaluation, IUPAC, 19924

References

'R. Atkinson and J. N. Pitts, Jr., Int. J. Chem. Kinet. 10, 1081 (1978).
2D. C. Astholz, G. Glanzer, and J. Troe, J. Chem. Phys. 70, 2409 (1979).
3]. Troe, Ann. Rev. Phys. Chem. 29, 223 (1978).

4TUPAC, Supplement IV, 1992 (see references in Introduction).

S+0,-80+0

AH*=—23.0kJ-mol ™!

No new data have been published since our last evaluation.

Preferred Values

k=2.1% 10712 ¢m® molecule™ s~ independent of tem-
perature over the range 230-400 K.

Reliability
‘Alog k=%*0.2 at 298 K.
A(E/R)==+200 K.

‘Gomments on Preferred Values
All of the available measurements of & are in good agree-
ment. Clyne and Whitefield' found a small decrease in k with
ipcrease in temperature, but until more definitive measure-
ments of E/R are made a temperature independent £ is rec-
ommended with error limits encompassing the existing mea-

sured values. The preferred value at 298 K is the mean of
values from Refs. 1-6, and is identical to our previous evalu-
ation, TUPAC, 19927

References

'M. A. A. Clyne and P, D. Whitefield, J. Chem. Soc. Faraday Trans. 2, 75,
1327 (1979).

2R. W. Fair and B. A. Thrush, Trans. Faraday Soc. 65, 1557 (1969).

3R. W. Fair. A. Van Roodselaar, and O. P. Strausz. Can. J. Chem. 49. 1659
(1971).

4D. D. Davis, R. B. Klemm, and M. J. Pilling, Int. J. Chem. Kinet. 4, 367
(1972).

SR. I. Donovan and D. J. Little, Chem. Phys. Lett. 13, 488 (1972).

®M. A. A. Clyne and L. W. Townsend, Int. J. Chem. Kinet. Symp. 1, 73
(1975).

"IUPAC, Supplement IV, 1992 (see references in Introduction).

S+03—~?SO+02

AH°=—414.9 kJ-mol™’

No new data have been published since our last evaluation.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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Preferred Values
k=1.2x10"" ¢m?® molecule™! 571 at 298 K.

Reliability
Alog k==*0.3 at 298 K.

Comments on Preferred Values
The only available experimental determination’ is ac-
cepted as the preferred value. The method was direct, and in

the same study' a number of other rate coefficients I
atom reactions were measured giving results in good ;-
ment with other techniques. The preferred value is idenir
to our previous evaluation, IUPAC, 19922

References

M. A. A. Clyne and L. W. Townsend, Int. J. Chem. Kinet. Symp. |
(1975).
2IUPAC, Supplement IV, 1992 (see references in Introduction).

Cl! + H,S — HCI + HS

AH°=-50.0 kJ-mol™’

No new data have been published since our last evaluation.

Preferred Values

k=5.7%10"" c¢m? molecule™ s™!, independent of tem-
perature over the range 210-350 K.

Reliability
Alog k==0.3 at 298 K.
A(E/R)=%100 K.

Comments on Preferred Values

There is a significant scatter in the results which is diffi-
cult to attribute to any of the different techniques used. The
preferred value at 298 K is a mean of the values of Nesbitt
and Leone,' Clyne and Ono,2 Clyne et al.’ and Nava et alt
The result of Lu er al.’ is not included because of the very

different conditions used. Both studies in which the emper
ture was varied®’ find a temperature coefficient of 7ot
which is accepted but with substantial error limits. The p1-
ferred values are identical to our previous evaluation

IUPAC, 1992.°

References

'D. J. Nesbitt and S. R. Leone, J. Chem. Phys. 72, 1722 (1980).

2M. A. A. Clyne and Y. Ono, Chem. Phys. Lett. 94, 597 (1983).

3M. A A. Clyne, A. J. MacRobert, T. P. Murrells, and L. J. Stief, J. Chem
Soc. Faraday Trans. 2, 80, 877 (1984).

4D. F. Nava, W. D. Brobst, and L. J. Stief, J. Phys. Chem. 89, 4703 (198>

SE. C. C. Lu, R. S. Iyer, and F. S. Rowland, J. Phys. Chem. 90, 19
(1986).

STUPAC, Supplement IV, 1992 (see references in Introduction).

HO + H,S — H,0 + HS

AH®°——117.5 kI-mol™!

No new data have been published since our last evaluation.

Preferred Values

k=4.8%10"'2 cm® molecule™! s7! at 298 K.
k=6.3%107'2 exp(—80/T) cm® molecule™ s™! over the
temperature range 200-300 K.

Reliability
Alog k==*+0.08 at 298 K.
A(E/R)=%80 K.

Comments on Preferred Values

The data of Lin ef al.,' Lafage et al.,* and Leu and Smith’
are in good agreement and show that k exhibits non-
Arrhenius behavior over the temperature range 245-450 K

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

with the Arrhenius plot appearing to have a shallow mini-
mum at approximately 270-300 K. Leu et al.® and Lin et al.'
find that the value of k appears to be independent of pressure
and nature of the bath gas. These latter results throw some
doubt upon the suggestion that the non-Arrhenius behavior is
due to the occurrence of both addition and abstraction chan-
nels.

Despite the non-Arrhenius behavior of & over an extended
temperature range, the preferred expression is given in
Arrhenius from, which is satisfactory for the limited tem-
perature range covered by our recommendation. The pre-
ferred values are identical to our previous evaluation,
IUPAC, 1992.*
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References 2C. Lafage, J-F. Pauwels, M. Carlier, and P. Devolder, J. Chem. Soc.
Faraday Trans. 2, 83, 731 (1987).

: s X
‘Lin; N.-S. Wang, and Y.-P. Lee; Int. J. Chem. Kinet. 17, 1201 M.-T. Leu and R. H. Smith, J. Phys. Chem. 86, 73 (1982).
%), 4TUPAC, Supplement IV, 1992 (see references in Introduction).

HO + SO, + M — HOSO, + M
F#r5127 K -mol ™!

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Comments on Preferred Values

The most recent measurements of Ref. 1 gave smaller rate
coefficients than earlier studies. We included these values in
the averaging of data which lead to the preferred values. The
Hability error limits encompass most of the earlier data. The differ-
Alog kg=+0.3 at 300 K. ence in F, values between Refs. 2 and 3, which leads to
bﬁ=“‘ 1 different ky and k.. values, should be noted.

Fy4.0x 107 (77300) 32 [N,] cm® molecule™ s™! over
the témperature range 300—400 K.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values Comments-on Preferrea’ Values
. o 3 T See comment to k,. Falloff representation with F.=0.45
£, =2X107"° cm” molecule , independent of tem-  pear 300 K. The preferred values of kg and k.. are identical to
perature over the range 200-300 K. those in our previous evaluation, IUPAC, 1992.*
References

Reliability X
: 1 Y.-Y. Lee, W.-C. Kao, and Y.-P. Lee, J. Phys. Chem. 94, 4535 (1990).
=+ — i
Alog k. ==0.3 over the temperature range 200-300 K. 2IUPAC, Supplement 111, 1989 (see references in Introduction).
3NASA Evaluation No. 11, 1994 (see references in Introduction).

*IUPAC, Supplement IV, 1992 (see references in Introduction).

HOSOZ + 02 g H02 + SO3

AH"=4kf-mol”’
No new data have been published since our last.evaluation.
Preferred Values Comments on Preferred Values
13 o In the earlier studies™* HO radical decays due to the reac-
k=4.3X10"" ¢cm® molecule ! s™! at 298 K.

tion HO + SO, + M — HOSO, + M were monitored in the
presence of NO and O, . The reaction sequence HOSO,+0,
— HO, + 803 and HO, + NO — HO + NO, then regen-
erates HO. Modeling of the NO decay leads to the rate co-
efficient k. This method of determining % is less direct than
the more recent measurements of Gleason et al.’ and Glea-
son and Howard* where HOSO, radicals were monitored by

k=1.3%10"12 exp(—330/T) cm® molecule_l ! over the
.temperature range 290-420 K.

Reliability

Alog k==*0.1 at 298 K.
A(E/R)==200 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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MS. We therefore accept the expression obtained by Gleason
and Howard.* The other results, though less precise, are in
good agreement with the preferred expression. The preferred
values are identical to our previous evaluation, IUPAC,
19922

References

'J. J. Margitan, J. Phys. Chem. 88, 3314 (1984).

2D, Martin, J. L. Jourdain, and G. Le Bras, J. Phys. Chem. 90, 4143 (1':
%J. F. Gleason, A. Sinha, and C. J. Howard, J. Phys. Chem. 91, 719 (1%
*J. F. Gleason and C. J. Howard, J. Phys. Chem. 92, 3414 (1988).
*TUPAC, Supplement IV, 1992 (see references in Introduction).

HO + OCS — products

No new data have been published since our last evaluation.

Preferred Values

k=2.0x107" cm® molecule™ s~! at 298 K.
k=1.1x 107" exp(—1200/T) cm® molecule ™! s~ over the
temperature range 250-500 K.

Reliability
Alog k=%0.3 at 298 K.
A(E/R)==500 K.

Comments on Preferred Values

Values of k measured by Cheng and Lee' and by Wahner
and Ravishankara® are approximately a factor of 3 lower at
298 K than the earlier value of Leu and Smith.> This may be
due to the corrections applied by Leu and Smith® to account
for the presence of traces of H,S in their system since in the
absence of such corrections there is reasonable agreement
between the studies. Cheng and Lee’ took care to keep the
H,S level in their OCS very low and this, together with the
confirmatory measurements of Wahner and Ravishankara,
leads us to recommend their values. These recommendations
arc compatible with the earlier upper limit given by Atkinson
et al.* but not with the higher value obtained by Kurylo®

which may be due to interfering secondary chemistry and/:«
excited state reactions. The preferred values are identical 1
our previous evaluation, IUPAC, 1992.°

Kurylo and Laufer” have suggested that the reaction pi:
ceeds through adduct formation, as found for the reaction o
HO with CS,, followed by decomposition of the adduct 1.
yield mainty HS + CO,. There is some support for this from
the product study of Leu and Smith.” However, in contrasi «
the HO + CS, reaction, there is no marked effect of O, «n
the rate. Furthermore, very little oxygen atom exchange b
tween H'®0 and OCS is found® which may suggest that au
adduct formed is weakly bound and short lived.

References

'B.-M. Cheng and Y.-P. Lee, Int. J. Chem. Kinet. 18, 1303 (1986).

2A. Wahner and A. R. Ravishankara, J. Geophys. Res. 92, 2189 (1987).

3M. T. Lev and R, H. Smith, J. Phys. Chem. 85, 2570 (1981).

*R. Atkinson, R. A. Perry, and J. N. Pitts, Jr., Chem. Phys. Lett. 54. 1|
(1978).

SM, J. Kurylo, Chem. Phys. Lett. 58, 238 (1978).

STUPAC, Supplement 1V, 1992 (see references in Introduction).

M. J. Kurylo and A. H. Laufer, J. Chem. Phys. 70, 2032 (1979).

8G. D. Greenblatt and C. J. Howard, J. Phys. Chem. 93, 1035 (1989).

HO + CS,+ M — HOCS, + M (1)
HO + CS, — HS + OCS  (2)

AH°(1)=-46.0 kJ-mol™'
AH®(2)=—155k]-mol !

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

ky;=8%10"* [N,] em® molecule™' s~!, independent of
temperature over the range 270-300 X.
Reliability
Alog ko] ==x0.5.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Comments on Preferred Values

Because of the low thermal stability of HOCS,, experi-
mental studies have to account for the redissociation of the
adduct. After clarification of the mechanism, rate coefficients
now can be specified. Combining the data for M=N, from
Refs. 1 and 2 in a falloff representation indicates that the low
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limit is approached within 10% only at pressures
bout 20 Torr. Because of the rather large scatter, the
atardo not yet-allow for the specification of a tem-
:dependence. The strong temperature dependence of

705

-kgy “for:M=He derived in Ref. 3 (E/R=—1610 K) is appar-

ently not consistent with the results from Refs. 1 and 2. It
appears that reaction (2) is slow, with a rate coefficient of
k,<2X 1071 cm® molecule ™! s7! at 298 K.

High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred values

=8%107"? cm® molecule™" 57!, independent of tem-
" -perature over the range 250-300 K.

liabitiy ,
log k.1 =20.5 over the temperature range 250-300 K.

iments on Preferred Values ‘ ‘
‘e preferred rate coefficient k., is based on a falloff
entation of the data from Refs. 1 and 2, with high-
sessure-data mostly from Ref. 1. The largest weight is given
¢ measurements near 250 K where decomposition of the
uct-and the subsequent kinetics are of comparably minor
;éhce in contrast to the room temperature experiments. A
dloff curve with an estimated value of F,=0.8 was em-
inyéd for extrapolation, Experiments at 1 bar total pressure
apparently still far below the high-pressure limit. An ex-
ive discussion of the complicated mechanism is given in

Refs. 4-6 as well as in Refs. 1, 2, and 7. Rate expressions
combining adduct formation, dissociation, and subsequent
reactions with O, have been proposed which are not repro-
duced here. More experiments separating the individual steps
are required. The preferred values are identical to those in
our previous evaluation, JUPAC, 19928

References

LA T 'Hynes, P. H. Wine, and J. M. Nicovich, J. Phys. Chem. 92, 3846
(1988). :

2T. P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Chem. 94,

- 2381 (1990). )

3E. W.-G: Diau and Y.-P. Lee, J. Phys. Chem. 95, 379 (1991).

4NASA Evaluation No. 11, 1994 (see references in Introduction).

SCODATA, Supplement I, 1984 (see references in Introduction).

STUPAC, Supplement 111, 1989 (see references in Introduction).

7E. R. Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard, J.
Phys. Chem. 94, 2386 (1990).

8IUPAC, Supplement IV, 1992 (see references in Introduction).

{74460 KJ-mol !

Low-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

kp=4.8X107"[N,] s™" at 298 K.
kn=1.6X107% exp(—5160/7) [N,] s™! over the tempera-
‘ture range 250-300 K.

sKeliability
Alog kp==*0.5 at 298 K.
A(E/R)=*+500 K.

Comments on Preferred Values

The preferred values are based on a falloff representation
from Refs. 1 and 2 of the data for the reverse process HO
+ CS; + M — HOCS, +' M and the determination of the
equilibrium constant from the same work. Largest weight is
given to the data from Ref. 2 which extend to lower pres-
sures. The data from Ref. 3 are not consistent with this
evaluation (with differences of about a factor of 2). HOCS,
formation and dissociation are characterized by an’ equilib-
rium constant of K,=5.16X10"% exp(5160/T) ' cm?
molecule ™, as derived from the data of Ref. 2.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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High-pressure rate coefficients

No new data have been published since our last evaluation.

Preferred Values

k. =4.8%10° s7! at 298 K.
k. =1.6X 10" exp(—5160/T) s~! over the temperature
range 250-300 K.

Reliability
Alog k,, ==*0.5 at 298 K.
A(E/R)==*=500 K.

Comments on Preferred Values

The preferred values are based on the falloff extrapolation -

of the data for the reverse reaction and the equilibrium con-
stant K,=5.16X10"% exp(5160/T) cm® molecule™ from
Ref. 2. Falloff curves are constructed with an estimated value
of F.=0.8. The small pre-exponential factor of k., can be

explained theoretically as being due to the low bond enery
of HOCS, . For discussion of the mechanism, see Refs. 1.
and 4-7. The preferred values are identical to those in ou
previous evaluation, IUPAC, 19928

References

TA. T Hynes, P. H. Wine, and J. M. Nicovich, J. Phys. Chem. 92, 381t
(1988).

2T. P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Chem. 94
2381 (1990).

*E. W.-G. Diau and Y.-P. Lee, J. Phys. Chem. 95, 379 (1991).
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E. R. Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard. |
Phys. Chem. 94, 2386 (1990).

$JUPAC, Supplement IV, 1992 (see references in Introduction).

HOCS, + O, — products

Rate coefficient data

klem® molecule™ 57! Temp./K Reference Commens
Absolute Rate Coefficients :
(3.1 = 0.6)x107" 298 Diau and Lee, 1991 (a)
Reviews and Evaluations .
2.8x107" 240-300 IUPAC, 19927 (b)
See comment 200-300 NASA, 1994° ©
Comments Reliability

(a) Pulsed laser photolysis of H,O, or HNO; at 248 nm in
He-CS, mixtures. Pressure range 26-202 Torr. [HO]
monitored by LIF. Values of k(HOCS, + NO)=(7.3
+1.8)x 107" cm® molecule™ s7! and A(HOCS, +
NO,)=(4.2*1.0)X10""" cm’ molecule™ s™' were
also obtained in this work. The latter is the first mea-
surement of the rate coefficient for the reaction with
NO,. The value for the reaction with NO is in good
agreement with that of Lovejoy ez al.*

(b) See Comments on Preferred Values.

(¢) Overall reaction between HO and CS, considered. Ex-
pression of Hynes et al.’ recommended (see Comments
on Preferred Values).

Preferred Values

k=3.0X 10" c¢m? molecule™! s7!, independent of tem-
perature over the range 240-350 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Alog k==*0.3 over the temperature range 240-350 K.

Comments on Preferred Values

The reaction of HOCS, with O, is an intermediate step in
the overall reaction of HO with CS, under atmospheric con-
ditions. The HOCS, is formed by the addition of HO to
CS,; once formed it may undergo dissociation back to HO
and CS, or react with O,. In previous evaluations, the
HOCS, + O, reaction has been considered on the data sheet
for HO + CS, because only in recent studies has the mecha-
nism of the HO + CS, reaction been clarified and the indi-
vidual reactions involved studied separately.

The three studies'® of the kinetics of this reaction are in
good agreement. Basically the same technique was used in
all, and similar results were obtained over a range of tem-
peratures and bath gas pressures.

Over the small temperature range covered (251-348 K)
the results of Hynes et al? could equally well be represented
by either an Arrhenius expression with a small negative tem-
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Liure coefficient for k or by a temperature-independent
. cocfficient. The results of Murrells et al.® favor the lat-
. téor the preferred values we assume the rate coefficient to

imperature independent over the temperature range stud-
.I.nd take a mean of the values of Hynes ez al.’ and Mur-
It al.® which are in good agreement with the most re-
i study of Diau and Lee.! .

Ihe main steps in the atmospheric oxidation of CS, initi-
-1 by HO are

HO + CS, = HOCS;,
HOCS, + 20, — HO, + SO, + OCS

eaction of the HOCS, with O, predominates over reac-
v with NO or NO,. Because of the nature and number of
» teps involved, the overall rate of reaction of HO with

. in the presence of O, is a complex function of both the
sl pressure and the pressure of O, . Studies over a range of
wsures and gas composition have established kg, the rate
wtticient for HO reweval in air. Hynes er al®> have ob-
.ned the following expression of kg in air at 298 K:

1.25%107 16 exp(4550/7)

= - 3
T T BTX 10~ exp(34007T)

molecule ™! ¢!

cm

Studies by Murrells et al.® and Becker ef al.” are in good
acement with this expression.

Iespite the concordancy of such measurements of kg,
niticant differences are found between the values for kg
-v.«d on measurements of HO removal and those based on

lative rate studies of product formation. Becker et al.” have
uried out both types of study in the same laboratory, em-
loving a number of variations of the relative rate method,
1 the results have only confirmed the difference. The stud-

- hased on product formation give values of kg up to 50%
fn-her than the real-time studies based on HO removal.
I hese differences point to the need for further studies of the
lemistry of the later stages of the reaction involving O,.

lRecent work by Stickel et al.® has provided some further
aicht into the mechanism of this complex reaction. Two

types of experiment were performed. In one, the reaction was
initiated by pulsed laser photolysis and product concentra-
tions monitored in real time by tunable diode laser absorp-
tion spectroscopy. In the other, continuous photolysis was
used with FTIR product detection. Products observed were
0CS, SO,, CO, and CO,. Both experiments gave concor-
dant values for the yields of OCS and CO of (0.830.08)
and (0.16+0.03), respectively. The yield of CO, was small
(<0.01). The overall yield of SO, (1.15%0.10) was made up
of two components, a ‘‘prompt’’ value of (0.84+0.20) re-
sulting from SO, produced in a primary channel of the reac-
tion and a longer time component due to production of SO,
from reaction of O, with SO produced in another primary
channel.

The results thus suggest two primary channels, the major
one leading to OCS and SO, and a minor channel leading to
CO and SO. There are a number of possible reaction chan-
nels leading directly to these species or to their precursors
which subsequently produce them on a very short time scale.
The results are compatible with most of the previous product
studies but some discrepancies remain, the major one being
the small yield of HO found (0.05) as compared with the
value of 0.3 found by Becker e al
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(1990).

8R. E. Stickel, M. Chin, E. P. Daykin, A. J. Hynes, P. H. Wine, and T. J.
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HO + CH;SH — products

No new data have been published since our last evaluation.

Preferred Values

£ =3.3%10"" cm® molecule™! 57! at 298 K.
£ =9.9% 1072 exp(356/T) cm® molecule™ s™' over the
temperature range 240-430 K.

/u’r'/l‘(lbl’lity
Alog k==x0.10 at 298 K.
A(E/R)=x100 K.

Comments on Preferred Values

The preferred values are based upon a least-squares analy-
sis of the absolute rate coefficients of Atkinson et al.,! Wine
et al.,”* and Hynes and Wine,* which are in excellent agree-
ment. The relative rate study of Barnes et al.® shows that
erroneous rate coefficient data are obtained in the presence of
0, and NO, thus accounting for the much higher value of
Cox and Sheppard.6 The preferred values are identical to our
previous evaluation, IUPAC, 1992.7

The study of Hynes and Wine* shows that there is no

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997
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observable effect of O, on the measured rate coefficient and
the rate coefficients at 298 K for the reactions of the HO
radical with CD;SH* and CH,;SD? are within 15% of that for
HO + CH,;SH. These data indicate®* that the reaction pro-
ceeds via initial addition of HO to form the adduct
CH,S(OH)H.?

Tyndall and Ravishankara® have determined, by monitor-
ing the CH;3S radical by LIF, a CH;3S radical yield from the
reaction of the HO radical with CH;SH of 1.1 = 0.2. The
reaction then proceeds by HO + CH;SH — [CH,;S(OH)H]
— H,0 + CH;S.
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HO + CH,SCH; — H,0 + CH,SCH; (1)
— CHS(OH)CH;  (2)

AH°(1)=-107.1kJ-mol ™"

Rate coefficient data (k=k;+k;)

Kem® molecule ™ 57! Temp./K Reference Comments
Absolute Rate Coefficients
135X 10 ' exp[—(285+135/1)] 297-368 Abbatt, Fenter, and Anderson, 1992 (a)
(4.98£0.46)x 10712 2972
Branching Ratios
ki/k=0.84+0.15 298 Stickel, Zhao, and Wine, 19932 (b)
Reviews and Evaluations .
k1 =9.6X 10712 exp(—234/T) 250-400 IUPAC, 19923 (c)
k,=1.7%10"*2 [0,]exp(7810/T)/ 260-360
[1+5.5X1073! [0,]exp(7460/T)}
k=1.13X 10" exp(—254/T) 248-397 Atkinson, 1994* (@
k,=1.68X10"*2 [O,]exp(7812/T)/ ~260-360
[1+553% 1073 [0,)exp(7460/T)]
ky=1.2%107" exp(—260/T) 248-397 NASA, 1994° (e)

Comments

(a) Discharge flow system with generation of HO radicals
from the H + NO, reaction and detection by LIF. The
total pressure was varied over the range 10.6-97.5 Torr
of N,. The measured rate coefficient was invariant of
the total pressure over this range.

(b) For DO radical reaction with CH;SCH;. HDO moni-
tored by tunable diode laser absorption spectroscopy
from the DO radical reactions with CH,;SCH;,

n-hezane and cyclohexane and the branching raiiv ob-

tained by assuming (as expected) a unit HDO yield

from the DO radical reactions with n-hexane and cy-
clohexane. The branching ratio was independent of to-
tal pressure of N, (10-30 Torr), temperature (298348
K) and replacement of 10 Torr total pressure of N, by
10 Torr total pressure of O,. From the temporal pro-
files of the HDO signals, rate coefficients k; for the
reaction of the DO radical with CH;SCHj; of (5.4+0.4)
%107 cm® molecule™ 57! at 298 K and 10 Torr

J. Phys. Chem. Ref. Data, Vol. 26, No. 3, 1997

Ny, (5.8+1.9)x107'? cm® molecule™ s™! at 298 K
and 30 Torr N,, and (44*x1.0)x1072 cm’

(©

—
&

(e)

molecule™ s at 348 K and 10 Torr N, were also
obtained, in agreement with the rate coefficients for the
HO radical reaction. :

The rate coefficient for the H-atom abstraction pathway
(1) is based on the studies of Wine er al.® and Hynes
et al.” and the rate coefficient for the HO addition path-
way (2) utilizes the data of Hynes er al. 7

PRI of g SRR S | S Ay | NP,

lllC raic \«UCLIX\ACUL l\)l UID AU3tractlivil PJU\A«DQ {"u TLLCI
(1)] was derived from the data of Wine er al., 6 Hynes
et al.,7 Hsu et al.,8 and Abbatt ef al.! The rate coeffi-
cient for the addition process [channel (2)] is that of
Hynes et al.’

The rate coefficient for the abstraction process {channel
(1)] was derived from the absolute rate coefficient data
of Wine er al.,® Hynes ez al.,’ Hsu et al.,® and Abbatt
et al.!
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Preferred Values

L 8x 107 24{(4.1x 1073 [0,]/(1+4.1x 1072 [O,]}
Coem? moleeule'1 s~ at 298 K.

%4.8X 1072 cm® molecuie ™! 57! at 298 K.

§13% 1071 exp(~254/T) over the temperature range
250-400 K.

(4. 1><10 31[02])/(1+4 1X10” 20[02]) cm®
ecule™t sl at 298 K.

1.7%10™ 2 cm*molecule™ s at 298 K and 1 bar of
uir.

17X1072 |0,] exp(7810/T)A1+5.5% 107! - [0,]
X exp(7460/T)} cm® molecule ™' s™! over the tempera-
ture range 260-360 K.

mol-

Hetiobility
dlog k==0.10 at 298 K.
AMER)=£150 K.

A}ng k:=2+0.3 at 298 K and 1 bar of air.

inents on Preferred Values

45, NOW recogmzed45 7% that this reaction proceeds via
two reaction steps (1) and (2). The CH;S(OH)CH; adduct
tical decomposes sufficiently rapidly that in the absence of
.only the rate coefficient & is measured. In the presence of
the CH3S(OH)CH3 radical reacts by

CH33(OH)CH3 + 0O, — products

Hence only in the presence of O, is the addition channel (2)
i%i»xcrved with the observed rate constant being dependent
i the O, concentration (but, to at least a first approximation,
mrl on-the concentration of other third bodies such as N,, Ar
W1 §F).7

‘I'hé.relative rate study of Wallington ez al.'’ shows that
previous relative rate studies were complicated by secondary
i ctions, and that all relative rate coefficien